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I. Allgemeiner Teil. 

Die Hystematische Diagnosievung der Baml)UKarteu aiif (irund des 
Banes ihrer Bliiteiiorgane ist iiiclit iinmer durclifiihrbar, nianchnial sogar 
uiimoglich, da die meisten luir seltcii Idiilien, iind zwar mit Intervalleii 
von oinigen Jalirzehnton (Brandis, ^74 ; Kawamura, ^11, ^27 ; Low, ^03 ; 
Macmillan, ’08; Sekssenguth, ’25). Die Vogetatioiisorgarie hingogen 
sind stets ziigiinglich ; dalicr crscheint es sehr wunseheiiswcrt, die Bambus- 
gewachso aiif Grand der Morpbologie und Anatomie dieser Organe 
systcmatisch einzuteilcn. 

In Japan gibt es seit altershcr viele Skizzen und Einzelbeschreibun- 
gen verschiedener Bjimbusarton, die jcdoch keine zusammenfassendo 
Diagnosierimg der Vegetationsorgano bieten. Erst Satow (’99) hat 
darauf hingewieson, dass z. B. das Auftreten oder Fcblen der Rinnen 
an den Internodien des Stengels, die Langenverhilltnisso der Blattschcide, 
die durcbschnittliche Ixibensdaucr der Blattschoide, das Auftreten oder 
Fehlen von horvortretenden Knoten usw. als ausgezeichnete Merkmale 
zu betrachton sind. 
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Efl gibt nun bei dou Bainbufiarton noch violo andoro Merkmale dor 
Vogetationfiorgane, zuinal defl liliizoms, dofl Stengolfl, dcs BlattoH, sowic 
der Kiiospe, wolcho dio Gattungen cbaraktorisi(3reii utkI kaiini von ausRcroii 
Vorbaltnisflon bocinfluHPt zu Hoiu Hclioin(3n. Kclioii fruber liat Makino 
('25) bei der KlasHitizierung der ia])anischori BimbiiHgowrudiHe nicht iiiir 
den Bliitenbau, Hondern anch die niorphologisclien Eigenscliaften der 
vegetativen Orgaiie verwendot. 

Die Anwendung der Pflanzenanatoinie iin Dienste der SyRteinatik 
iflt Boit llADLKOFEii (’83) von ciner Anzalil von Antoren vcrsuclit und 
geu])t wordon. So z. B. von Njedenzu (’81)) fiir Arbutoidceii, Ia)iiauss 
(’05) fiir EoRtiicaceon, Soleredeh (’91), ’OS, ’28, ’29) fiir Dikotyledonen 
und Monokotylcdonen, fdr die in Formosa vorkom- 

inenden Ilolzarteii, Gleiciij^erg (’22) fiir Vaccinhim Oxycocms, Ogera 
(’27a, ’27b) fiir Pterido 2 )liyten, Havata (’27) fiir Filicales. Bei den 
Monokotylcu hat Zawada (’90) die anatonusclie Blattatruktur fiir dio 
SyRteinatik der Palmeii verwendot. Jerwiet (’16) liat die Zuckorrohr- 
Sortcn nach beflon(*eren, topographiRchcn Merkmalen dor Vorblatthaaro 
oingeteilt. Von Shirata u. Making (’00) liegt eiiie wichtigo Arbeit 
vor, in wclcher die Gattung Sasti auf Gruiid dor Anatoiuio der Wm'zcl 
ganz von der Gattung BauibuRii abgCRondert wird. Die syRtematiRchc 
Anatomic der Blattopidennis der Gattung Sasa hat in dor neueston Zcit 
Hayata (’29) auRgcarbeitet. 

Bei den IkunbuRge^ ichRon, mit wolchen ich Roit einer Rcihe von 
Jahren beschaftigt bin, sind die morpliologiRclien, bzw. vcrgleiclicnd- 
anatomiRchen Merkmale insofcrn von besondcrer liodoutung, als sie Rich 
als GattungRinerkmale RystomatiRieron JasRoii. Als haiiptsilchlichste Mcrk- 
nuile mogeii hier folgonde kurz aufgozilhlt wordon : 

1) MorphologiRche und anatomische Merkmale dor Halme; 2) 
morphologiflcho Eigonschafton und VerzwoigungRmodi der unterirdischen 
Organe ; 3) Fomi dor Knospeii; 4) Eigentiimlichkelten der Vorbliitter; 

5) Zahl der Knospcn in einom Vorblatt; u. a. m. 

Morphologiscli und vergleichend-anatoinisch liisst sich dor BambuR- 
halm in drei Rcgionen eintoilon, nilmlich : 

1. Dor echte Hahh, 2. der Ubergangshalm odor die Stengelbasis, 
und 3. der gestauchte, rhizomahnliche Teil odor Stiel. 
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T. ALmEMEINER TEIL, TI. DAS RITIZOM 


In bezug auf dio Vorzweigimg doR Uhizoms laMson Rich folgonde 
vier Typen untorschoidon : 

1. Eiufache KaRtmbildung, 2. Ka8Ciil)ildiing auR Anslaufern, 3. seit- 
liche Raseiibildiing auR Khizomen und 4. zerntreute Verzweigiing. 

Die Form dor an jodcm Xnoton doR Stengols hervortretendon KnoR- 
])eii iHt jo iiach ihrcr I^age am Steng(d sowie nach dor Gattuiig vorflchio- 
don. Vorfolgt man fcrnor dio aufoinandorfolgondon KnoRpon von dor 
BaRis des StongclR nach obon, ro tindot man an don Vorblattorn mohr 
Oder weniger l)cdentendo Veriindernngen doR Sj)altiingR- odor SchlioRsungfl- 
gradoR, cino ErRcheiiiiing, dio ich alR „ Knoflj)onfolge bezoichnen 
moclite. BcmorkcnRwort iRt, daflR dioRo KnoRponfolgo innorhalb einor und 
dei*Relben Gattung nahczu kouRtant ist. Dio Zahl dor KnoRpon innor¬ 
halb eines VorblattoR iRt nacli dor SpozioR und nach dor Lage am 
Stengel vcrRchioden (Riohe S. 37). Audi dio anatomiRchon Merkmalc 
der Vorbliitter, in gowiRRor IlinRicht auch ihn^ Kehaarung, Rind in 
RyRtematiRchcr HiiiRicht von groRRor Bodoutung. Dio morphologiRchen 
und anatoraifichon VorRchicdenheiten all dioRor Merkmale worden auf 
S. 40 zuflaramcngORtellt. 

Die vorliegendon Untorfluchungen wurden anfiinglich in der Forst- 
und LandwirtRchaftlichen HocliRchulo zu Taihoku in FormoRa, Rj)ater im 
Botanischen Institut dor KaiRorliclion UnivorRitiit in Kyoto aiiRgefiihrt. 
An dieser Stello sprecho ich mcinom hochverohrton I^hrer Herrn Prof. 
Dr. K. Koriba mcincn warmsten Dank fiir Rcine vielfacho Bolehrung 
und Anregung aiiR. Auch mochtc ich Heri-n Prof. Dr. K. Oshima filr 
Roine froundlichen llatRchlage und giitige Unterfitutzung bei der Beschaf- 
fung dcR Materials bostenR danken. 


n. DAS BHIZOM. 

A. MOBPHOLOGISCHE EIGENSCHAFTEN DES RHIZOMS. 

Verzweigungsmodi der unterirdischen Sprosse. Das Bhizom 
der Bambuseen ist gewohnlich im GegenRatz zum Stengel in kiirzere 
Toilstiicke von dor Lange einiger Zcntimoter gogliedort. Im Querschnitt 
zeigt es einon zcntraleu Hohlraura, welchcr im Vergleich zu dem der 
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Stougel Htark rodiizicrt int uiid bosoiidorH im ol^iirirdisclioii T(dl 
vorschwindct, wo or voii oiiioiii .stark oiitwickolton (jrund])areiicliyiii 
aUHgefullt wird. 

Uiitor doii Vcrzwei^iiiigsinodi dor untorirdisoli(‘.ii Sprossci laHSCii sioli 
folgciido vior Typeii iintorHolioldoii. 

1. Eiiifaclio litisoiibildunj^ ^ )• 

I3oi DenJrocalamuH uiid Bamhma oiitwiokolt si(di dio Kiiospo au dor 
Stonj^oll)asis ziuu aufgoriclitotou Halm, imd dio BaKalkiu)S])o dos l(‘,tzt(U-ori, 
oboiiHo wjo alio woitonm JkisaJkiu)Sp(Mi vorlialton sioli in {^dcMolKT Wois(*, so 
(lass als Fol<j;o dieses Vorzwei^un^smodiis oiii (dufaclun- Kasim zu Staiido 
koimnt. 

2. Kaseiihilduii^ am Ende dcu* Auslaufer (Ei*;. 1, 2). 

liei AnLndinaria niiiakayamtiisia siolit man oimm almlicli(m Verzwi*i- 
< 2 ;mi^sm()dus wio bei Bamlntm, aber di(*. Kuospen an d(T Stem<:;elbasis 
waolisen zii soitlieheu Auslaiif(*rn ans, und jeder von du'-son bildet, kurz 
bevor or in den auf^’eriolit(‘ten Halm rd)orp;elit, ebenfalls (‘.iium selbstilndi- 
jj;(m Kason. Die: Auslilfor besitzon vi'rlialtnismassij^ kiirz^estreokto, 
diiiine, koine Knospon anfwoisimde Tnternodion. 

d. Soitliolio Kasenbildiiu^ aus dmn Hliizom (Fiji;. 1, d). 



Fig. 1. 

VerzweigungflTiiodi von unterirdischen Stengeln. 1 Elnfache Rasenbildung 
von Barribusay 2 Rjisenbildung alw Aiwlaufern von Arundinaria niitakayamendftj 
3 Seitliche Kasenbildung aus Rhizomen von Shibalaeay 4 Zerstreute Verzweigung 
von PhylloUachys, 
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II. DAS RHIZOM 


Bei PleiobladxLSy Sasay Pseiidosasa u. a. Hiulet man zwei Arten von 
nntcrirdischcn Zwcigcn. Die an der Stenj^clhasiH sitzenden Knospen 
wachson zu iangen, dunncn, mehrere Knos])cn entwickelnden horizontalon 
Khizomen aus, welche Hcliliesslicli in Stengel iibergehon. Die Knosj)en, 
die an Jcdem Knoten dieser Kliizome gobildet werdon, entwickehi sicli 
ebenfalls zu rasenbildenden Halinen. 

4. Zerstrcute Verzvveigung (Fig. 1, 4). 

Bei Phyllostachya findct man zerstreute Verzweigung. Das horizontale 
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Fig. 3. 

Verklirninerte Rlatlnprcitcn (K*s Khizoins: 

1. rhylhufachyH niyra. 

2. PlciiihlasiUH graminnm, 

3. Vl4'ioblnMm Simoni. 

4. Vleiohlaatm vnruigatuH, var. riridis 

f. glahrer. 

T). Arundinaria variegata, rar. Tanakac. 

6. Sasa albo^margluala. 

7. Sana Heptent?'i(malii<. 

5. Samella ramom. 

D. Yadakeya japoiuca. 

10. Shibataea Kmnamm. 

11. Semiarundinaria tiridif^. 

12. Sin()f)ainlmm Tooislk. 

13. (diiiiumohafnbvsa marmtn'ra, 

14. Chivionobambiim (piculraugularis. Xo. 


Khizoin, das axis dor Stengel basis 
lierauswaclist, besitzt an je{lom 
Knoton jo cine Knospe, welcho 
sicli entweder zinu liorizontalen 
Rliizoin odcr ziiin aulgericliteten 
Runbiisluiliu entwkikelt. 

Scheidenblatter des Rhizoms. 

Dio waohsendo Spitzo dos Rhizoms 
tnlgt ill z\v(d alteniioroudon Reihen 
ang(d(‘gto Scheidenblatter. Die 
Form dieser Bliitti^r ist dreieckig 
odor glockenfbrmig, an der Sjiitzi^ 
trageii sie shds eiue verkiimmerti^ 
Rlatts])reito (Fig. 2). Letztere ist 
gowohnlicli dreieckig odea' solton 
rautonfdniiig, wie z. B. boi Pleio- 
hladm varieyaiuH, vai\ Tanakae iiiid 
PleiohlaHtm variegainSy var. viridis, J. 
major (Fig. 3). Im oboren Toil 
falten sioh die Sjiroitcn oiitlaiig 
d(n’ ^Mittellinie mehr odor weniger 
zusaminon, so dass ihr Querschiiitt 
halbuioiidfbrmig gelcriimnit erscheiut 

{Vh^. 1, Taf. I). 


B. ANATOMISCIIEH AUF15AU DKS RHIZOMS. 

Epidermis des Rhizoms. Dio l^j)i<lovuiiH dor SckcitUaibliitior hosteUt 
auR litxug- und Kuvzzellon, Trichonioii uiid Spaltollnmigoii. Dio GroRsc 
der Ijaugzolleii ist je iiacli don Bivuibusivitou vorscbiedcii. Als Tricliom- 
bilduugon tretcii laiiggostrcokte Stachelhaavc am luiuKgstoii auf. B<ist)n- 
dorH reichlicli und solir kriiftig ontwickolt siud sio an don Biindom uud 
am Basaltcil des Schcidonblattcs. Dio Spaltoliunngini in der Epidermis 
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II. DAS RHIZOM 


der AuHHcnseite wind zahlrcicher aln aiif der Iimoriseite, wobei das 
Zahleuverhaltnis vcrschiedon seiii kann. 

Querschnittbilder der Rhizomintemodien. Dio aiisHorsteu Gofass- 
biindol des Rliizoins liickon iiii Gogcnnatz zuiii gowohiiliclien Stongcl 
von dor Epidoniiis melir nach in non zu ab, ho dans nich dazwischon 
oino broitc Rindonscliicht entwickclt. Dioso lotztoro ist zionilicli font 
gobaut, iind schliosHt sich zu einoiu l-odor 2-Hcliichtigcn subcpidennalon 
BaHtniautel zuHamincn. Nur bei don niciston Phyllo8iachy^Ax\xbn bonteht 
dio Rinde gowohnlich aus dickwandigon Zollon, und gclit ohne scharfo 
Abgrenzung in don liistbelag iibor (Fig. 2, 3, 4, Taf. I). Die Schutz- 
Hclieidc doH ZcntralzylindorH bestebt aiiH wlir fltarkcn, gleiclmiaHHig vor- 
dickten Zellon, wolclic cntweder voncinander grup 2 )enweiHo isoliert 1 logon 
odor zu oinigen jHoliortcn liistbiiiKlorn l)zw. zu oinciii ocliten subcorticalen 
JiaHtring vorHchiuelzen konncn (Shibata, ^00). 

Die einzelnon GefaSHbiindol des Rliizomn boHitzon zwoi gn^sse Hoit- 
Jicho Tiipfelgefasfie und einige kleine Ring- und Si)ira]gefa8se. Der 
Siebtoil JHt gewolinlich starker ontwickoit als im Stengel. Uiu dio 
Gefassbiindel herum entwickclt sich oin stark verdicktes Sklerenoliyin. 
Die WandvQrdickimg dor Sklorenchymzollen betriigt bei Phyllofiachys- 
Arten 2.5-5.1 /i, bei Pleiobladus-AYtan 1.5-3.0 fi und bei Sa^-Arten 2.5~ 
4.5 /i. 

Niederblatter des Rhizoms. Im Querscbnitt dor Niederblattor 
crblickt man im farblosen Paronobyiu 2 )amllclverlaufende, abwecbaeind 
stark und schwacli entwickcltc Gefassbiindel. Dio Bastbolage auf der 
Ijoptomsoite stossen stets unmittolbar an die Epidernils. Den giDHScn 
Geftobiindeln gegeniiber liogen die kloinen Biiudol der Innonseito doa 
Niedorblattes an (Fig. 5, Taf. I). 

Der Entwicklungsgrad der Hypodermiszellen unter der Epidermis 
der Aussensoite ist jo nach den Bambus-Arten verschioden. Es lassen 
sich folgendo 4 Typen untorscheidcn : 

1) Keino Hypodennis, so z. B. bei Saaa aeptentrionalia (Fig. 6, 
Taf. I). 

2) Eine schwach oder stark verdickte oinschichtige Hypodennis, 
wie z. B. bei SinobamlMsa Tootsik (Fig. 7, Taf. I). 
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3) EiiKi scliwacli vonlickt(*. 1-2 scliiclitigo lly|)<)il(^nuis, wio z. 1 j. 
hoi Shihataca Kumasasa luid ArumJinaria niitakayamcnf>iti, 

4) Eiiie stark vcrdickto, iiielirschiolitigxi Hy|)()d(‘nnis, wio z. B. hoi 
Pkyllosiachys rctimlatay f. mhvariegaia ujid PlrioblaHtm linearis (Ei^. <S, 
Taf. I). 

Verkiimmerte Blattspreite der Niederblatter. i)ii‘ Epidcu-mis 

dor V(wkihninort(‘.u l^Iattspioito l)Ost(‘lit wic Ix^iin Scli(‘id(‘Jil)latt soJhsfc aiis 
Ijtiiig- nnd Kurzz(dloji, Triclioinoii luid S])altolliiuiigiMi. Als Triohoiiigi^- 
hilde treteii langgostrockto Staoh(4haaro hilulig auf. IjosoikUms roiolilicli 
uud solir krilftig oiitwiok(‘Jt siiid sio auf dcu* Epiilonuis dor Basis, dew 
Aiissousoitc, wio aiioli auf d(u- iiiiioroii Soito d(‘r S]>roito (Fig. l,Taf. 1). 

Die S})altofruuiigoii sind auf dor Auss(MiS(uto vi('l zaldroiolior als 
auf d(T Iniioiisoito, wo si(^ nur dom SproihMiraud (‘ntlaug vorkoiuiiKai. 

Das Mcsopliyll l)ihl(d k(Mno Balisadcai ; c'iu farhiosas odin* inituiito-r 
Joiclit griuigofarhtos Baixaioliyiii ffdlt (h‘u gauzoii Bauiu zwisoluai d(‘u 
hoidoii E])idcnuon aus. Aoroiioliyinatiso]i(*-s Parou(;liym koiinut hoi oinigou 
Artou vor, wio z. ]k ])oi PhylloHUichys relicalatay Phillostachys nigra, rar, 
llenonis, Sana albo~marginata, Cbhnonobambma quadrangnlnris, Plcioblasius 
variegata, var. viridis, /. major (Eig. 9, Taf. I) u. a. I)i(^ Sj)r(Mt(‘ wird 
veil zwoiorloi Cofasshi"nul<‘Jn durolizogoii, luiiiilioli grossoii ])riuiar(Mi uud 
zwischoii iliiioii hortiidlioluMi kloinou S(*kuudilrou. Siiiutlio.lio (lofasshuiidol 
wordoii you Bastholiigon hogl(Mtot; mir dio grossou (Jofasshiiiidol stossou 
auf dor Lo])toiusoito uuuiittolhar an du^ Epidonnis (Eig. 1, Taf. I). 


m. DIEWURZEL. 


A. MOBPirOIA)i;iSCllE EU^ENSCTIAFrEN DEJl WURZEL. 


Die Pfaldwurzol dos Jkiud)Uskoiin]iugs ist, wio hokauut, kurzkihig ; 
an Hire Stelle treteii viole stauiuihurtigo Wurzoln, die an don Knoteu 
der Stengelhasis und dos Jlliizoius oiitspringeii. An ohorirdisolieii Haliu- 
knoten eutwickoln sicli Wurz<4ii nur in einigeii speziellon Fallen, wie 
z. B. an erkrankton Stengoln, ])ei Ilaliustecklingon und iiu unteren 
Teil der Stengel von einigen Arten, wie z. B. von Dendrocalamus 
latifiorm, Chimonobambnsa quadrangiilaria (Fig. 4) u. a. 
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III. DIK WURZEL 


Dio Wurzoliuilii^eii an doii Kiioton dor Stongol siiid oin- his 
iiu^lirroildj^ aii^oordiiot. Eci doii rioHeii^rosson Bandjusgewachscn, wic z. 
B. l)oi Dcndrocalamufi mid i?am6n.s(X-.Vrtoii, wcrdcii 7-8 Eeihcii KjiroKsburtiger 
Wurzolu an d(n* Hteiigolbasis gebildot. 


B. ANAT0MI8(;HER aufbau deu 
WUKZELN. 

lin Wurzo](juorsolinitt lassoii sicli fol- 
g(*iid(^ Elcnnonto naoliwoison : Ejiidorinis, 

Bindo iind Zinitralzylindor. Dio dirokt 
miter doii Epidonniszolloii liogoiido Exo- 
dormis ist stots oinsoliiclitig ( Suibata, ^00 ; 

Kroemeu, ’08). Dio Exodonniszollon siiid 
boi PhylloMachyti, Pleiohlastm, Sasay Pseudo- 
msaj iSemiarundmaria, Sinobamlmscty HInbalaca 
und Chimonobamlmsn in ibron anssoron uml 
radialon Wilndon stark vordickt, wiilirond 
sio b(n* Dmdrocatamus mid Bmilnmi allsoi- 
tigo Wandvonliokungoii aurwoisoii (Fig. 10, 

Taf. I). • 

Auf die Exodonnis folgt das Skloron- 
ohym, dosson Di(!k(^ j(^ na(di don Arton 
vorsoliiodon ist. Dcndvocctlam^is- und Bcxm- 
6a«rt-A)'ton woison 2~5 Soliioliton von Sklor- 
oncbymzolbMi auf, wolo1i(», sioli von don 
woitor naoli innon bin gclogonon Uiudon- 
zollen Holiarf ablioben (Fig. 10, Taf. I). 

Iku Semiarundhiarin viridis ist tlagogon das 
Skloreucliyin 5-7 scbicbtig und golit all- 
millilich in die inneren Rindonzolloii iibor (Fig. 11, Taf. I). Dio 
iniioi*sto Rindensobiclit entwiokolt sioli zur Endodonnjs; dioso orschoint 
boi Dcndroccilamtis- und Bambiisa-Arton infolge dor Wandverdickungon 
als oiiio cbamktoristischo O-Solieidc (Scjiwekdener, ’74), walirend alio 
ubrigon Gattimgon cine C-Solioidc aufweisoii. 



Fig. 4. 

Mit Luftwurzfcln versehcnc 
oberir<Iis(;lie H:ilniknotcnf 
monohamlmsa qv-adranffulaHs) ^ 
11 , b Luftwurzeln. x ^2* 
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Benuu*lvCU«wort ist liiiu-hoi din* Unistaiid, da^s in dcr Vordickungs- 
woinu von Exodennis \iiid EndndonuiM nin korrolativer 

ZiiHfiinnieiihang cxistiort : wonii iiainlicli die Eiidodcn-iniM als C-SclunMo 
ausgobildot ist, so ist aucli die Verdiekimg der Exodermis (.-fbnnig uiid 
stets aiisHoiiseitig, so dass die beideii Verdiekuiigeii einaiid(‘r g(‘-geiiuber- 
liegeii. 


IV. DER HALM. 


A. MOUriI()I.()GLSCIIE EKiENSdlAFIEN DES HALIMS. 



Fig. 5. 

Stengel mit imd ohne snhiirfe Ah"ren/;uiig 
des echten Stengels von der unterirdisclie.n 
Halnibasis: 1. Deiulrocalarnns laiijloi'n», 

Semiarundinaria fastuosa, a Stengelteil, b Uii* 
terirdische llulinbasis, c Stiel. x Vs. 


Gliederung des Halms. 

B(^i alien Ikimbusbalintni, 
mit Aiisname voii Arun(Ji- 
narla niitakayamrrma, stellt 
die Halnibasis eiii kur/i(*.s 
(icbilde dar, dcsscn Tilnge 
iiur 1-10 cm., sidten 20-110 
cm. ludrilgt. leli mbelite 
dit‘,sen kurzmi Tcnl als 
stanelite Halmbasis‘‘ b(*.- 
zeiclimm. Diese g(‘stauebte 
Halmbasis ist bei einigeii 
(lattungmi, wi(i Daulroca- 
Idvvati (Eig. b, 1), Bamlmm 
imd einigmi SWi-Avten 
nach dem Anssebeii sebarf 
von d(Mu eehteii Halm zu 
imterseheid(‘.n, walirend sie 
bei andereii CSattnngen, 
wie Fhyllostachiis, Pseudo- 
sasdy Pldohlastus u. a. 
ohn(3 inorlvl iche Abgrcn- 
zung in diesoii iibergeht 
(Eig. 5, 2). An der 
gestauchteii Halmbasis, 
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IV. BER, HALM 


wolclio in ilmn* Wucjhsart zieinlich vom echtcm Stengel abweicht, lasnen 

sieh wiedermu zwoi Teile unterHcheiden, nainlich : 1. die distale ange- 

sclivvollene Halnibasis init riosigen Knospen and Wurzolarilagen (Fig. 

5 lb), and 2. den schlauken Stiel ohne Knospcri and Warzelanlageii 

(Fig. 5 Ic) (Shibata, ^00). Die Einteilaiig eines BainbaHhalniH kaiia 

man iiaeli iuorj)liologisclien GoHichtspanktcui folgenderwoise darelifuliron. 

, (a. Oberirdiselier Halm odor eelit(^r Stetigel. 

Jmmbaslialm < . . 

I 1). UnterirdiHche, gostaaclite Ilalmbasirt.*^ 

Ubergangshalin odor Angcscliwolhmo StengelbaHis. 

2. Stiel Oder VerbindaiigRstiick. 



Fig. C). 

Viiriiitkmskurve der Lunge der Intcraodien dei echten llaliiiei: 


-- Bambusa nana, var. nwmalis. 

2 . Phyllostachys nigra, 

?». ----- Pleioblaalus Simoni. 

4. - Yadakeya japonica. 

5. --— • • Sosa Tguboiana. 

6 . — -- Sinobambusa I'ootsik, 


1) Diese unlerirlisjht* Ilulmbusis kann init <l 2 in Alt-er infolgo der lla8.jnbildu:ig oberir- 
diseh werden, wie z. B. bei Bambusa sienostachyay dabci bleiben al>er die anatomischen 
Verhiiltnisse ganz unveriindert. 
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Halmintcrnodicilt Dio Zabl uud dio Lilngo dor ITalmintornodien 
fiiiid naturlich je nach dor Ai*t vomduedoii. Sohr zahlroiclie Intornodien 
lioHitzcii Phylloaiachya-AYtQ.ny auoh dio riosi^eii nemlrocalamua- und Bam- 
&u«a-Artoii (inohr als 40—50), wahroud boi Plciobfaatua, Saaa., Yaddkeya 
iind aiidcreii klcineu Bainbiift-Artoii oft nni 15—20 Iiitornodiou vorbandon 
fliiKl. Dio Liingo d(n* Iiitornodion iiimint gowbbnlioli von unton ))iH 
znm inittloron Toil dos ITabnos zu, inn dann Aviodor abzuncdnnon, wio 
OH dio gcgcbonen Kiirvon voraiiHcliaiiliclion in Fiji;. 6. 

Die Variationskiirvon, wolcbo dio Lanj^onvorliilltnisHc*. dor Intornodien 
doH ecbton Halinon illustrioron, laHson nicb dor ITanjttHaebo naoli in 3 
Typon cintoilon, nainlieb : 1) Knrvon init Holinoll aiif- und ctwan lang- 
Ramor abstoigondoin \5n*lauf innorbalb rolativ on^or (jlrenzon {Bambiiaa 

u. a.). 2) Knrvon in it inobr odor inindor sym- 

inotriHoboin Vorbinf {Sinobamlniaa n. a.), und 3) 
Knrvon in it H(dir laiigsain auf- und abstoi^oiuloin 
Vorlauf {Phylloatachya u. a.). 

D<n- Durcbinoswa* dor Habnintornodioii niinint 
von unt(‘.n nacli obon albnalilicli ab, walirend ibr 
Luinon in dor inittloron Habnro^ion soinon 
maxiinalon Wert orroiobt und von dort nacli 
obon wio unton bin abniinint. 

HalmkllOten, Jocbu’ Knoton bonitzt ^(uvbbn- 
licb cine Knospo (Fig. 7), wolclio jcdocb an 
don untoroii Knoton inaiicbinal foblt. Dio I-iiinge 
(lor Knoton zcigt doin Halm entlang koine 
becbnitondon T'iitcrHcbiedo, weniigleich dio Knoton 
(l(*,r inittloron Habnpartic verbaltnifiHinaHsig inobr 
in die Liiiigo. goRtreckt sind. 

Verdickungsweise der Intemodienbasis. 

An der Basis jedes Internodiums liegt die wacbs- 

tumsfabige Partie. Hat das Wachstum dea 

Stengelgtuck von Pleio- Intcrnodiums aufgehort, so entsteht in der 

hl^us vartegaiaj var. nri- diesor Partio oiiic Aiischwcllung nach 

diSy f, h, glabra, k Knoten, 

i Interno;limn, ><;l, auHsea wie uach jnnen. Wenn dio Hervor- 
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wolhiing stark nach 
aiisseii daiin ist (li(^ 

Verdickuii^ iiacli iunoii 
11 ur scliwacli, so z. Ik ])oi 
Phylhiiiaehys ii. a. Uin‘ 2 ;(‘,- 
kohi t vorlailt os sicli ])oi 
Bamlmm, Pleiohlmtm, 

Psmdomm u. a. (Fi.i?. <S). 

B. ANATOMISCTTKll 
AUFBATI DKS 
TIALMES. 

Epidermis der Sten- 
gelbasis. I)i(^ K])id(M- 
iniszolloii dor Ston^olbasis 
uiid dos Stiols siiid in 
dor Oborflaclionaiisjolit 
sohr vorscdiiodon. Auf 
doiii Stiel sind dio Ej)i(lormiszol]on inolir odor wonigor rochtockij^;, willirond 
sio an dor Stoii^olbasis |:^auz luirej^elinilssio'o Unirisso bositzon. 

Die relative Zald der S])a]tofFiiungon ist in diostni bciden Teilen 
niclit Jinnier diesolbi^; bei vkden Arton sind sie zaldroiclior an dor 
Halinbasis als auf doiu Sti(d, walirond sie l>oi einigen andoren ungefahr 
gloioli zahlreieh sind; aucli das uingekelirto Vorliiiltnis kann vorkoiunieii. 

Oefassbiindel der Stengelbasis. Dio (.^uorschnittform der Gefass- 
buiidol niit Bastbelagoii ist in der gestauchton Halmbasis luid im Stiel 
solir verscliiedon. In letztereni sind die Gefass])nndol vollkommen voii 
Jkistzellcn uingeben iind das lladrom besteht aiis iiur einem (selteiier 
zwei) gross(ui Gefass (Fig. 1) a), wahrend in dor Halmbasis die zwoi 
Gofasse fdlirendon Biindel iiiit ein- odou’ zweiseitig angelegten Bastbelagen 
vorsehen sind (Fig. 9 b) (De Earv, ^84 ; Moetbch, ^22 ; Haberlandt, ^24). 

Die llindo der gostaucliten Zwoigbasis imd dos Stiels besteht ans 
etwa 20 SchicUteu pareucliymatischcr Zellen. Die Bastbelago der 


IV. DER HALM 



Fig. 8. 

n.'iliiikiiotc'ii von vcrsMuedenvn ArttMi: 

1. PhylloHiaehy.H rcticulafa, rar. aurea. 

12. PhylloafadiijR viyra. 

lUimhum nana^ rar, normnlin. 

A\ VleioUaHttiH Simoni, 

T), Shibnfaea Kiiviamm, 

T). Yadakea j(i 2 >onica. X -/ 3 , 


voftfimo TAKENoumr 


15 


jiussersteii Biinclel ver- 
sclimelzeii in diesen hci- 
(Icii Teileri zu eiiiem 
nnterhrochenen odor ein- 
boitllchcn Band. 

Epidermis des 
Halmes. Hio Halm- 
opidcrmia Im.stcdit ana 
Lan^' nnd Knrzzcdlon, 

Trichonuni und Spalt- 
offiinngcn. Dio Lang' 

zellon aind gowolinlicli in die Liingo gozogon, nnd 
Ix'Hitzon in dor Bo.gcl eiiioii Waoliaiihcrzng. 

Liinge un<l Broito der I^ing/ollon in dor Ston- ,, , i.n iiUv 

golinitte Rind hoi Fhyllostachys nif/ra vorhiiltniR- Rungshalin. xioo. 
iniiaaig goring (0.041min x O.OOTinin), hoi Yadakrya Japonica (0.0i)8niin 
X 0.012mm) und Scmicmindinaria fastuosa (O.lOomm x 0.01 »^>mm) dagogcm 
aohr groaa. Die Spaltoffiiungen sind am Stcmgcl in der Bogcd S])ilr]ich, 
oinigon Ai*ton aber konnon aio otwaa bauligor a(nn, wic^ daa bt'.i Bamimm 
nana, var, normalis, J, Alplionso-Karri (8:^0 j)ormm'), Chimombamhusa mar- 
morea (96 per mm-) und Arundinaria niitakayameims ])or mur) d(u* Fall iat. 

Gefassbiindel der Halme. Dio (irfilasbundol dor llalmo aind aiif 
dom C.ueraclinitt zoratreut angeordnot; die iuiaaoron sind iminor kkiinor, 
die inneren grosser. Die kleinen peri])licrcn Gefasabiindol, die iniKU-halb 
dea aklerotiacli verdickton 1-2 achielitigen Kindenj>arcnohyms liegen, aind 
von Baatbeliigen umgeben. Bel violcn Bambuaoen vm-achmolzcn die Bast- 
bcliige und die dazwiaclioii liegenden Baatstrangc nielit mitoinaiider; bei 
oinigon Arton aber vei-schmelzon die Bastbelilgc soitlich mit cinandor 
von Bundol zu Biindol, so dasa cin gauz gcachloaaener Bastring zustande- 
kommt, wio dioa bei Sana nipponica u. a. dor Fall iat. 

Daa einzolno Goftiaabiiiidcd iat kollatcral gebaut und durch zwoi 
groaae Tupfelgefaase und oin Spiralgefaaa auagozoichnot (Fig. 10, 2,), 
mit Auanahme von Dendrocalamus und Bamhusa, welche zwiachen den 
])ei<len groaaen Tupfclgcfasaon noeh oin odor zwoi Paaro klciner Spiral- 
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IV. I>ER HHALM 



Fig. 10. 

(icfsisHbiindel von ; 1, liamhum 
nana, var, n(mnnliH, J. Aljihonno- 
Karri, und 2. Phyflostaehys ]\fa~ 
kinoi; a jind b Spiral.':;cfiLsBe. x 50. 

IlAiaCRLANDT, ’79), 

Dio ('ofassl)im(lol ilcv Kno- 
toii zoigou auf (1(MU (iiior- 
Hclmitt C^uoranastoinoson. Es 
gil)t zwoi E(»rnioii voii CofilHs- 
huiidolii, jo naolidoin 1. dio 
Ristbiiiidol dio (Jofci.sshundol 
riiij^suiu ill Form oincr fostoii 
Sclicide uiiirtclilioHrtcn, oder 2. 
oiii oder zweiseitig luilbmoiid- 
fbnni^ aiigologt Hind, wio in 
der goRtaucliton Halmbasis. 

Die auRsersten, kleinen 
BaRtbiinde] der Iiiternoclien- 


gofaRRe aufwciRon (Fig, 10, 1) (Kane- 

IIFRA, ’26). 

Die GefriRRliiindel sind in diinnwan- 
dig(Mii Pareiieliym cingebottet uud werden 
auf vior Heitini von BaRtbelageu bogleitot. 
I>(M einigeii BambuRarteii, wio z. B. Den- 
(kocalamuH- uud Alton, Pleio- 

hlaatxm Ifinctm und Chimonobamhusa qnadr- 
nmjnkms Rind dio BaRtboliigo an dor 
InueuRoite luit oigoutumlichen Parenchym- 
zellen verMobon ( Scitwendener, ’74; 



Fig. 11. 

KrUininungsweiHe der BastbUndel in der 
Internodienbasis des Stengels; 

1. Yadaheya japonica. 

2. Sasa albo-marginaia, 

,^. Phyllostachys nigral var, Henoniti. 

4. Pleioblastua Ilimlm, 

u. Internodienhaais. x 8, 
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basis doR Halms sind in der lilngsrichtnng, je nach der Bambusart, 
mehr oder minder nach auswarts gekriimmt ( Fig. 11). Die Krummimgs- 
winkel in den mittleren Internodien der Stengel sind in folgonder 
Tabello zusamraengestellt: 


TABELLE I. 


Kriimmungswinkel der ansserston Bastbiindel der Internodienbasis. 


liambuaa nana, var. nwmalU. 

175® 

Pleioblastus variegata, var. viridisy f. 


B, Oldhami, 


major. 

156® 

Phyllofitachys nigra. 

184® 

Aimndinaria niitakayamenm. 

169® 

1\ nigrat voa\ Ilenonis, 


Sosa alho'marginaia. 

150® 

I\ nigray var. Jlenonisj f. Boryana. 

147® 

S. australis. 

138® 

P, reticulata. 

146® 

S. nipponica. 

138® 

P. retieukUaj var. Marltcusea. 

144® 

S. septentrionalis. 

158® 

Pleioblastus Chino. 

ICO® 

S. Tokuganana. 

154® 

P. ChinOj var. Laydekeri. 

150® 

8. Tmboiana, 

160® 

P. graminea. 

164® 

Sasaella iwatekensis. 

147® 

P. Hindm, 

162® 

8. matsumnensis. 

145® 

P. Kiufianus. 

153® 

8. ramosa. 

155® 

P. linearis. 

160® 

Psendosasa Kvrilensisy var. nehuhsa. 

174® 

P. Simoni. 

0 

1 

P. spiculosa. 

176® 

P. Usawai. 

156® 

Yadakeya japonica. 

175® 

P, variegata. 

158® 

Shibataea Kumasasa. 

144® 

P, voinegalcLf var. Akehono. 

1C8° 

8emiai'undinaria fastuosa. 

164® 

P. variegaiaf voi*. pygmaeay f. 


8, viridis. 

159® 

glabra. 

166® 

Sinobambusa I'ootsik. 

o 

o 

cc 

P, van'isgatOy var. Tanakae. 

1C4® 

Chimonobambusa rnarmorea. 

162® 

P. variegaiay var. viridisy f. glabra. 

156® 

C. quadrangularis. 

150® 


Struktur des Biaphragmas. Das Gnmdgewebo dor Diaphragmen 
besteht aus getupfelten, mehr oder weniger vicleckigon odor elliptischen 
Parenchymzellen, welche cine dichte Gowobeplatte bilden. 

Bei den kleinen Bambus-Artcn befindet sich im Zentrum des Dia- 
phragmas ein Aerenchym (Fig. 6, Taf. 11), dessen Zollen stets reihen- 
weise in der Lftngsrichtung ubereinander liegen, so dass dadnrch den 
Zellkanten entlanglaufende Luftkanale zustandekommen, wie z. B. bei 
Saea, PldoUcutm u. a. (Fig. 1 u. 2, Taf. U). 
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IV. DEU HALM, V. DIE BLATTGEDIIJOE 


Boi (Ion moifiteii Bainhnaarton besfcchen abor die ol)eroii und die 
iiiitereii Scliicliten des Diaphmginafl auH fltark gotnpfelten, dickwandigen 
BnichyMkloreideii. Sio sin dvicdoc^kig odor seltonor rechteckig. Bei den 
ineistoii Arten sind die Biiichyskkneiden unrcgelniiissig angeordnet (Fig. 
3 11 . 5, Taf. II) ; eine Ausnahino bildet Amndinaria niiiakayamensisj 
bed d(M’ die genannten Zellen reihenweise ang(^{)rdn(^t sind (Fig. 4, Taf. 
TI). Bisweilen findon sich iintOr den dickwandigen Zellcn voi-ein/Adt 
odor grnpponweiso diinn wan dige^, gotujifolte raroncbyinzollcni, so z. B. 
l)oi Yadaheyn japonica ( Fig. 3, Taf. II). 


V. DIE BLATTGEBILDE. 

A. MORPHOI/IGISCHE KIGKNSCHAFTEN DEli 
BLATTGEBILDE. 

Blattscheide. I^IS Blatt dor Bambusoon besttdit in dor Haiiptsaclu^ 
aus Blattscheide und Blattsj>roito, die (lurch einen kurzeii Blattstiel 
v(?rbunden sind. 

Die Blattscheide dient besondors dein Schiitz und dor Festigung 
des noch jungen, wcichen Halmes. 13ei einigen Gattungen, wie z. B. 
Phyllostachys, Bamlnim, Seviiarundinaria u. a., erfolgt die Abstossung der 
Scheide schon im jugendlichcn Zustand des Internodiuins, wahrend bei 
anderen Gattungen die Scheiden lang erhalton bleiben und den Stengel 
noch uinhiillen wenn dieser schon liingst ausgewachseii ist. 

Blattspreite. Die Blattspreite ist in der Jugend gerollt, wie im 
allgemeincn bei den Gramineen. Auf dem Querschnitt erscheint die 
Sprelte spiralig eingerollt (Tschirch,'82), wobei der cine Seitenabschnitt 
dor Spreito iiber den andern hinubergreift, und zwar so, dass das 
Endstiick des ubergi-eifenden Toils weniger gewolbt ist als das des 
eingeschlossencn (Fig. 12). 

Die Spreite ist meist lanzettformig, sehr selten schmal; letzteres 
ist z. B. bei Pleioblastus graminexis, Pleioblastus variegcUxia u. a. der Fall. 
Kurzlanzettliche Sproiten siml nur bei wenigen Arten zu sehen 
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Jun^ c’ngerolUe Blattsprcite von Phyllosfachyit ctluliH, var, hefertxrycla; 
E Kpidermin, (7 GeU*nkzellen, 8 Stercomc, (iof. (Jefii-jsbiindel. x 



Fig. 13: 

Typen der Spreitenbasis : x 1. 

1, Bamlmsa Oldham L 2. Dendroealavtus laiijiorus, 3. Sana nxpponica, 

4. Phyllofttachys Makinoi. 5. Yadakeya japonica. 6 . Pleioblaatus vca'iegata. 
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V. DIE BLATTGEBILDE 


{Dendrocalamus latifloniSy Pseudosasa Kurilenm^ var. nebidosay Shibataea 
Kummctsa u. a.). 

Der baflale Umriss jeder Spreite liangt init Hirer Lage am Halm 
zusainmen. Das unterstc Blatt ist oft von deii iibrigon abweichend 
gobaut, so namontlich bei Bamlnisa Oldhami,' Sosa Tokugawana u. a., wo 
der Umriss der ST)reitonbasIs der untereii Blatter rundlich ist und in 


den oberen Blattorn allmiihlicli zu- 
gespitzt wird. Dio Form der 
Spn3itenbaHis ist bei Dendrocalamus 
laiiflonia und Bamlnisa Oldhami 
rundlich, bei Phyllostachys Makinoiy 
Sasa nipponioa und Yadaheya japonica 
allmahlich zugespitzt, und bei Pleio- 
UastuB variegata (Fig. 13) ganz 
Rchitial zugespitzt. 

Die Spreitenspitzcn habon 
Tuaunigfaltigo Fonncn. Bei Pleio- 
blastns gramineiis und Pleioblastus 
variegaiup sind sic anniihernd lineal, 
wahmnd sie bei andcrn Artcn, wio 
z. B. Pleioblastus Chino, var, viridis, 
j. 6. glabra, Shibataea Kumasasa u. 
a. meist kurz zugespitzt sind (Fig. 
14). 

Luftgange in den Blattsprciten, 
welche bei den meisten SasorArton, 
DendroccdamuB latifloruB, Yadakeya 
japonica u. a. so haufig auftreten, 
fehlen bei den meisten PhylloBla- 
c/iy«-Arton, Arundinaria niitaka- 
yamensiB u. a. 

Blatthautchen. Am Gnmdo 
der kurzgestielten Blattspi^eite setzt 



Fig. 14. 

Typen der Blattopitze: 

1. Pleioblastua gramineu%, 

2. PleicblaMuB variegata, 

3. ChimoTiohamhusa gwjdrangxUarU, 

4. Pleioblaatus Chinoy var, Laydekeri, 

6. Pleioblastus variegatay var, viridisy 

f, 6. glabra, 

6. Shibataea Kumasasa, xl. 





Fig. 15. 

Typcn dcr Blatthautchen': x8. 

1 . u. 2. Shmculai. d. u. 4. .. 

5 u 6. PleiM^ns mrkgala. 7. «. 8. lyUMp edul^ 

o’. U.10. rhylMad.y» Mmosana. 11. »• W- Sh^baU^ 

8ich .lie Schei.le ia ein hautiges Blatthautchen (Tagula) fort, welches 
dutch uachtragliches Wachstum dor BlattHcheide eutshrudeu ist (E» 
u. Pbahtl, ’87). Die Dona .ler Idgula ist bei Bamfetm, Susa, &t«o- 
bambusa uud Chinwwbamlnuia krcifibogeuforuiig (lig. 15), waliroud flu 
bei auderm (hittungen, wie .. B. Plcioblash., 6Wm«dmana uud 
Pseudo^ auf .leu .wei Seihur in uugleicher Starke ausgebildet rst (hig. 
15) Eine ahulicho Aaymmetrie kommt auch bei Phyllostachya vor, wo 
der Baud aber mehr odor laiu.ler kautig ist (Fig. 15). Eiuo souderbar 
ausgebildete Ligula (meist scharf .ugesi.it.t uud dre.eck.g) tr.tt hei der 
Gattuug Shibaiaea auf (Fig. 16). 

Ohrehen. An dor Tronnungsitcllo owisolion Blnttetiol nnd Soholde 
Hnden wir aWMr der Llgnl. oin oigontumUehco kuorpoHgee Okrehon. 
wclche. jo nack dor SlKsrie. ockrrook odor *rk eutwickoU ».n kann 

(Vblesovskv. ’07> Boi dor Gattuirg Bo*ea i«t die™ Okrokon immor 
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V. DIE BLATTGEBIIJ)E 


]ang Hiisgezogen uml init laiigeu BorHtclieii heHutzt (Fig. 15). Audi 
bei Phyllostachys, PleiohlasiuSf Paeudosmaf Semiatnindinancif Sinobambusaj 
Chimonobambusa und einigen /SWe-Artcii ist daH Ohrdieu zicinlich stark 
aiisgebildet (lig. 15), wogegen es sidi bei Dendrocalamus latiflonis und 
einigen ^W-Arteii nur zu iinbetraclit] ichor Lilnge entwickcJt. 

Verkiimmerte Blattspreiten der Bambus-Schosslinge- Am Ende 
jedes bcheidenblattes der Bam bus-Scboss] iago boHndet sidi eine ver- 
kummerte B]attsj)rejte. Verfolgt man die Blattspreiten an eiiieni Schoss- 
ling von untcn nach oben, so linden wir, dass ihre Fonii und Grosso 
von der untersten rudinientaren S])reite angefangen eine aUmalilidie 
UrnwandJung erfahrt, bis wir schliesslich cine vollkommene Blattsproite 
eiTeichcn, welche der ai-teigenen Blattform oiitspridit (Fig, 16). Die 
folgenden 2iahlen sind bei zwei Spezies, deren jede einen eigenen Ty])us 
vorfiilirt, festgestellt worclcn. 



Fig. J6. 

ijbergangsformen der Blattspreite von der verkiimmerten bis zur normalen: x */ 3 , 
1 - 13 . Yadakeya japonica. ( 1 )-( 19 ) Bambusa jpackinensia. 
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Wie (lio Tabello 
lassciii Kicli (lie vcrkiiininerttm 
BlattHpn^iteu iiacli Hirer Form 
ill zwei Tyj)cu oiuteileii : 1. 
Bc^i Dcndrocalamua uiid Bam- 
biisa irtt(lie verkumiu(u*to Blatt- 
H])i-eite iui mittlemii Teil deH 
Sclibssliii^M dreieckig, 2. bei 
deii iibrij^cu Cilattun^eii aber 
ist sie sclimal-lanzettfornii^. 

Die verkuminerteii IHatt- 
sj)r(iiteii 8iud bei den Cattuii- 
geii DendroccilamuSj Bamhum, 
Shibataea, CliimonobambxiHa u. 
a. liellbraim, bed (Uni ubrijjeu 
Hind nh gewohnlich griiii 
gefi'irbt. 

Die Imftgilnge ini Fareii- 
eliym, (li(», in deii BlattHjirei- 
ten ziiiiKush vorhanden wind, 
sind in den verkiiniiiK'.rbni 
Blattspreitcii seliwach oder 
gar niedit eiitwickelt. 

B. ANATOMISCIIER 
AUFBAII DEU 
BLAITGEBTLDE. 

Epidermis des Scheiden- 
blattes. Die Epidermis der 
AuRseiiHcito des Scdiciden- 
Ulattes besitzt beTm Schoss- 
Jing hilufig verdickte Zell- 
wiliide und triigt oft Lang- 
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V. DIE BDATTGEBILDE 


odor KurzHtachelhaaro. Diese Haaro ontwickeln sich raeistens nur auf 
deu liij)p6u und haben eine 8chief aufwarts gerichtete Stellung. Bei 
den lueisten Arton sind iibor deni Parenchyni Winkelhaare entwickelt. 
Sie sind stcts zweizollig nnd ihre Tiichtung ist ganz regcllos. Die 
Ejddoniiis der Iniienscito ist stets diinnwandig imd bildet eine glatte 
und glanzende Oborflache, die keine Haare besitzt. Spaltbftnungen 
koinmon nur auf der Aussenseito vor, wo sie rogelmassig in Langsreihen 
zwischen jo zwoi Langzellonreihen liegen. Die Zahlon der Trichoine 
und SpaltofFnungen auf der Epidennis der Aussenseito sind in der foi- 
genden Tabelle zusammengestellt. 


TABELLE III. 

2iihlen der Trichome und Si)altoftuungen auf der Epidennis der 
Aussenseito des Scheidonblattcs. 




Trichome (per mm*) 

Namen 

SpaltofTnungen 
(per mm*) 

Stachelhaare 

Zweizellige 

• 


Lungj^Htrcckte 

ISta^elhaare 

Kurzo 

Stachelhaare 

Winkelhaare 

JBambusa nana. 

108 

0 

0 

28 

B, pachinensis. 

66 

0 

0 

24 

8t€no8tachya» 

5‘J 

8 

116 

0 

Pkyllostachys edulia. 

18 

2 

0 

0 

rieioblastua Chino, 

68 

0 

0 

12 

P, Chino, 

var. orgenteO'striata. 

48 

0 

0 

0 

P, gramineus. 

72 

0 

0 

16 

P, linearis. 

.36 

0 

0 

28 

P, Matsunoi. 

48 

0 

112 

20 

P, Simoni, 

36 

4 

0 

24 

P, Usawai, 

44 

0 

0 

0 

P, variegalus. 

66 

0 

0 

16 

P, varieaaius, 
var, Akebono, 

36 

0 

0 

24 
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TABELLE Jil^-^^Foristimrig) 




Trichome (per mm*) 


Natnen 

SpaltofTnungen 
(per mni2) 

Stachelhaure 

Zweizellige 



Langfl^estreekte 

Stachelhaare 

Kurze 

Stachelhaarc 

Winkelhaare 

P, voi'ieffaiuSf var. 
jiygmaeuSf /. glaber. 

60 

0 

0 

i 

8 

P, mi'iegaiuSf var 

64 

0 

0 

12 

TanaJcae. 

P, variegaius^ var, 
viridisy /. humilis. 


0 

8 

12 

P. vartegaiuSy var, 
viridisy f, major. 

60 

0 

0 

16 

Arundinaria 

niitakayamensis. 

* 44 

0 

0 

36 

Sosa albo marginala. 

56 

0 

0 

4 

S, nipponica. 

28 

0 

0 

0 

S, septentrionalis. 

64 

0 

0 

20 

S, Tokagavoana, 

62 

116 

0 

8 

S. Tsuboiana. 

48 

0 

0 

4 

Sasadla ramosa. 

36 

0 

0 

0 

P, kurilenmy 
var, nehulosa. 

:U) 

0 

0 

24 

Yadakeya japonica. 

20 

1 

’ 128 

16 

Shibataea Kurnasaf^a. 

16 

0 

112 

8 

Sinobambusa Toofnk. 

64 

0 

0 

28 

Chimonobambum 

28 

0 

0 

272 

quadrangulai'is. 


Luftgange des Scheidenblattes. R'i Arten. wdohe die 
Schciden im jii^eiidlicheu Zustand de8 Haliues al)HtoSH(in, sind diese (lurch 
daH haufige Vorkoiuineii von grossereii Luftgaiigen zwischeii den Gcfa88- 
bundeln aiwgezeichuet, wahrend bci den Arten, der»n Scheiden fur laugcre 
Zelt orhalten bloibeu, gewohnlich kciiie IjuftgAnge sichtbar sind. 

Epidermis der Blattspreite# Epidennis der BlattHpreitc besteht 
aus Lang- und Kurzzellen, Spaltofthungen und Trichojnen (Pfitzer, 
'70; Grob, '1^6; Brandis, '07). Die Spaltofthiuigon habeu oinen eigen- 
tumliclieu Bau, wie schoii Schwendener ('81 u. '89) erkannt hat. Sie 
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V. DIE BLATTGEBILDE 


Hind ni(*iHtcmrt auf die UiiterHoite der 
Bliittcr hcHchrankt, nur seltou Hndeii 
sicli eini^o selir weiiige Stomata 
aucli auf dcr Oborseito dor Jilatt- 
Hproitc. 

AIh Triclioingebildc trotcii dio 
kiirzHj)jt7Jgeii Stacholhaare am liilu- 
rtgHten auf ( Brookm.vnn-Jeugsgii, 
^ 14, StandeumANN, ’ 24). Jk^HOlldorH 
reiclilicdi Hind hIo an don Elattriin- 
dorn sovvio auf d(u* Unt(n*Heito dor 
BlattHpreito vorliandon; dagogon 
troton Stacliolhaarc auf don Jli])piui 
dor lilattuntorHcuto Hcdtonor auf und 
Bind' dann laiig zugospitzt (Fig. 
17). An don lliindern sind die 
Stacholliaaro, jo nach dor Jlaiiibus- 
art, entwedor diclit odor nparlicli 



17. 


Kpi<ltTinis ven Jiavibusa (hlichoclatla 
(Schei)iatisiiK (larf^estellt j. K Kurzos 
Stachelliaar, 1. I/inir^estrcektes Sta- 
chelliaar, S Hpaltofrnuuj;', (jr (iefilsH- 
biindclstroiteii. x l.'VJ. 

vorliandon. Solbst 
an dcrHolbon S])roito 
sind sio moistons 
kloin und zugosjiitzt 
gogon dio S])itzo 
und dio Mitt(3 dor 
; an dor 
Hasis nolimon sio an 
Lilngo zu und ont- 
wiokoln sich zu lang- 
gostreckton Stachol- 
haaren, so z. B. boi 
Baminisa stenoda- 
ohya, Pleiobladm 
Simoni, Sosa albo- 



Fij?. 18. x29. 

Stachclhaart^ an den Blattrlindern von Ba)nhma dolt- 
choclada: l-!b Uberijreifender Saum, 4-'). Eini»erollter 
Sauiij, 1, 4. Oberer Teil, 2, 5. Mitttdteil, .1, 6. Bisalteil. 
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margiruita u. a. Iiu allji;omainoii Hiriddie Stacluilluian* an (1 <mi zwoi KiiiKUTii 
(ler Hproito uiclit glc5ich zalilroich. Dca* iii (hu* Ju^ciid ril)crj>Toifbii(lo Saiini 
(lor ^orollten Blattsprc^ito iKt weni^tu* odor »^ar iiiclit boliaart ini GcgoiiHatz 
zu (lean oingeschlossoucu (Fig. IH). Bid Ikndrocalarnus laiifloms siiid 
al)or die Haaro an don l)oidou llaiidorii naliozu gloioh zaldroich. Dio 
Zaliloii dor Sj)alt6dhungou iind Triolioiuo auf don JilattH]>r(*,ito.ii niiid in 
dor folgojidoii Ta])ollo zimnimoiigoHtollt. 


TAIM^LI.E JV. 

Zaldon dor Triidioino und S])alt(>niiungini anf OIna- und 
lditorsoit(^ dor lilattspridtiai. 


Kamen. 

Spall i')(rntint;cn 

(})L‘r inin2j 

Tricliomc i 

Kurze Stachelliaare 

[pi‘r Him-) 

Lanfr^cstri’cktc 

Stachelliaare 


Oberneitc 

i 

UnWrscite ‘ 

Oberseite 

Unlcrseito 

OberHeite 

Unlerseitc 

Dendrocalamm lalijtorua. 

52 

152 

0 

576 

0 

0 

Jiainbusa dolichoclada. ! 

0 

640 

0 

16 

0 

28 

B. dolichomerithalla. 

0 

472 

0 

104 

0 

12 

B. nana. 

0 

; 540 

0 

16 

0 

o 

B. vana, rar. noinnalis. 

0 

616 

0 

184 

0 

0 

B. vnnn, rar. v or mol is, 
/. AlphonsO’karri. 

0 

748 

0 

0 

0 

52 

B. Oldhami. 

0 

656 

0 

128 

0 

0 

B. pachineMsis. 

0 

644 

0 

:?6 

0 

12 

B. stenostdehya. 

0 

506 

0 

in; 

0 

0 

Ji. Shimadai. 

0 

406 

0 

60 

0 

24 

Vhyllostachys cdulis. 

0 

760 

0 

588 

0 

0 

P. edulis, rar. heirrocycla. 

0 

680 

0 

460 

0 

0 

P. edulis, rar. heterocyda, 
/. suheonvem. 

0 

472 

0 

0 

0 

0 

1\ formosana. 

0 

440 

0 


0 

0 

P. Makinoi. 

0 

620 

44 

448 

0 

0 

P. nigi'a. 

0 

{)08 

0 

0 

0 

0 

P, niffi'a, var. llemnis. 

0 

652 

b 

216 

0 

0 

P. reticulata. 

0 

572 

0 

280 

0 

0 

P, reticulata, var. aurea. 

0 

548 

0 

544 

0 

0 

P, reticulata, 

0 

608 

0 

400 

0 

0 

var, Mmdiacea. 
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Nanien. 


JHeioblastus ChinOf 
wr. argerUeo-striata, 

P, gramineua. 

P. linearis, 

P, Matmnoi, 

P, Simoni, 

P, Uaavm, 

P, variegatus, 

P, va^^uSf 
var', Akebono. 

P, variegalu8f iw. 

pygmaeuSf /. gtabrer, 
P, varieqatua, 
var, mridisy /. humilis, 
P, varie^uSf 
var, vtridiSf f, major, 
Arundinaria 
niiiakaya^eneis, 

Saaa aLho-marginaia, 

S, nipponica, 

S, septerUrionalia, 

S, Ttnhoiana, 

SaaaeUa ramosa. 

Pseudosasa kurilensisy 
var, nebuloaa, 

Yadakeya japonica, 

Shibataea Kumasasa, 

Semiarundinaria 

JaMuoea, 

S, fastuoMy var, viridis, 
S, viridis, 

Sinobanibusa Tootsik, 

Chimonobambusa 

marmorea, 

C, guadrangularis. 


TABEIiLE IV. - ( FoTisetzimg) 


HpaltafTnunsfen 
(per mm*} 

Trichome (] 

Kurze Stachelhaare 

)cr ram*) 

Lanjrfliestreckte 

Htachelhuare 

Oberseite 

Unterseite 

Oberseite 

Unterseite 

Oberseite 

Unterseit^J 

0 

336 

0 

0 

0 

6 

0 

436 

0 

136 

0 

0 

0 

376 

192 

292 

0 

0 

0 

4;m 

0 

136 

0 

0 

0 

524 

44 

192 

0 

0 

0 

336 

0 

248 

0 

20 

12 

392 

0 

60 

0 

0 

0 

660 

0 

8 

0 

0 

0 

480 

0 

0 

0 

0 

0 

324 

0 

0 

2 

10 

28 

424 

184 

16 

0 

0 

0 

316 

0 

304 

0 

0 

0 

520 

0 

4 

0 

0 

' 0 

420 

0 

0 

0 

12 

0 

580 

0 

84 

0 

0 

8 

5€0 

0 

420 

0 

0 

0 ^ 

308 

0 

0 

0 

12 

0 

552 

0 

192 

0 

0 

24 

372 

0 

140 

0 

0 

0 

440 

0 

20 

0 

12 

8 

348 

0 

192 

0 

0 

20 

440 

0 

252 

0 

0 

0 

624 

224 

84 

0 

32 


312 

0 

288 

0 

0 

’ 0 

408 

0 

68 

0 

0 

0 

424 

i 

0 

0 

0 

0 
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MeflOphylL Das Mesophyll besteht aiw Parench}Tn, Cofiissbiindeln 
uiul Stereomen (Haberlandt, ^82; Guntz, ^86; Sciiwendener, ^20). Im 
Parench}Tn lasseii nich das farblose Pareiichyiii imd die griuien Armpa- 
lisadenzellen unterscheiden ( Kaueltschikopf, ^68 ; Magnus, '76 ; Haber- 
LANDT, '82). Das farblose Paronchym kanii um die Gofiissbimdel herum 
inler an dor Mitt;(drij)pe auftreton ; Ictzt^m^s ist fur Dcndrocalamua latiflonis, 
Pmidomsa kurilensiSf var, nelntlosa, n. a. zu verzelchrieri. 

Der Mittelnerv zcigt im Qnerschnitt oiii grosses nnd 2-4 (-6) kleine 
Gefassbiindel (Fig. 10). Si(^ siiid von Bjist umgeben und stellen ineistens 
ein Bolides Cebilde dar. Die Spreitc wird von zweierlei Gefassbimdeln 
durchzogen: von den scdir grossen primiiron nnd den zwischen diescm 
letzteren befindlichen 2-4 (-6) kleineron, sekundaiun. 



Fig. 19. 

Querschnitt durch die Mittelrippe im mittleren Teil der Blattspreite: 

1. Dendroccdamus latijlorusj 2. Bambasa pachinensia, 3. PhyUoatachya edrUia, 
St Stercom, Gr Chlorenchym (schraliiert), F Farbloses 
Parenchyra, Gel Gelenk*eUen, L lAiftgang. x80. . 
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Dio Nervatur int ptroifi" uud dic^ Nervea aiiid (lurch Rchwacho, rocht- 
winklig odor Hchm*; anaotzonde, Adcrchon vorbuiidoii. Die zwischen deu 
AnastoTiioHcn eiiigeHchlosseiiou I>]attl)ozirk(3 sind jo nach den Arteii 
verschiedoiien Umriaaes, sie koiiiien 
namlich langgeatreckt rechtekig 
{Bambiimy u. a.), ungcfahr gleich- 
Hoitig rechteckig {Phyllostac/iys, 

Pleioblastiis, Sasnella, Pscndosam ii. 
a.) oder (juer rochtc'.ckig (Sasa, u. 
a.) (Fig. 20) Rein. 

Verkummerte Blattspreiten. 

D(^r anatoinifiche Ban dor vcrkinu- 
morton Blattapreihai ist hislior nicdit 
uutersiicht Avordeu. Sie bi^stoheu 
aus oin(?iu zwihclien don beideu 
Epidennen eingeacdilosaciien liickoii- 
loson Scliwamnipareiichyiu uiid 
werdeii, von GefiiaRbuudcln durchzogeii, welclie in it gn^asen Gefasaen ana- 
geatattct aiiid. 

Die Gelenkzell(^.n liegen oberseita zwischen den Nerven, und aind 

ateta grbaaer ala in den iior- 
inalen Blattaj)roitcn (Lehmann, 
'03; Lnv, '26) (Fig. 21). Bei 
don nieiaten Arten aind die 
Golo'.nkzollen dor verkummerten 
B] attaj)re i to n fiicherfomi i g an- 
geordnet. Seltener aind aie 
stark vergrbsacrt und iiber daa 
E]) i dorm i an i veau verge w6l bt, 

wie z. B. bei Dendrocalamus 
latiflonis, Bambiisa vulgaris, Sosa 
albo-marginata u. a. (Fig. 9 ii. 10, Taf. II). 

Dio Epidermiazellcii sind bei den moisten Arten, l)eaondera auf der 



Fi-. Cl. 

(incrszlinitt <lurcli diiJ (ielenkzcUen von 
Yoflakeya japonica: 

1. VorkUnwiierte Bliittflproite. 

2. Normale Blattspreite. xC8. 



( 5 


Fijj. LO. 

QiK'ranastomosen der JilattnerVen; 

1. BamhuHa stmoatnchya, 

2. Phylloatachys Makiaoiy 

.*>. Saaa albo-marginata, x25. 
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Untorsoite dor S])rcito, (lurch zalilroicho KutikiilarwarzeJioii aiiRgczcichnet, 
wiilirencl hoi Bambusa nana, BamlniHa Bamhxim pacMnensWf 

Bamlmm Oldhamiy C/ninorvobambuHa niarmorm u. a. die Warz(;li(Mi icdileii. 

Dio SpaltofFiiuugeii Hridoii sich moist auf ])eideu Soitori; hoi einigon 
Art(3n jodoch fohlou sie auf dor Ohorsoito. 

Eci einigon Gattungou, wi(‘. z. B. DeyiJrocalaimiSy ricioblai^his und 
Hinobambum, wcist das M(^S()j)hyll dor v^orkiimmortoii Blattsj)roiton 
Moml)mnfalten auf (Fig. 7 u. 8, Taf. II), willirond solclio bci andoron 
Gattungcm niolit zu sohiVn sind. Das Vorhaudonsoin <>d(M* Fohl(‘n dor 
Annpalisadoii wird in folgondor Tahidl(‘. v(Mansoliauli(dit. (-f Vor- 
haudoiiS(nn, — Fo1i1(mi ). 

TABErJ.K V. 

V<u*luindonsoln oikn* F(dil(ui d(u* Anu])alisad('u in d(‘n 
v(‘-rkuinmortou ‘Blatts]>roit(^n. 

VorliandonsiMii odia- 
F(dil(Jii d(M‘ Falton. 


Dendrocaldnmti 

+ 

Bambxisa 

— 

Phyllosiacliyti 

- 

I^lnoblastus 

-f 

Sasa 

+ 

Sdsaella 

+ 

Bmidomm 

+ 

Yadaheya 

+ 

Hhibcdaca 

- 

Scmianmdinaiia j 

+ 

Sinoharnbusa 

+ 

Cldmonob(Wibxim 

— 
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VL DIEKN06PE. 

A. MORPHOTX)GISCHE EIGENSCHAFTEN DER KNOSPE. 

Knospenfolge* Die Gontalt der Knospen ist nicht nur boi 
verfichiedencn Arten, sondern aiich je nach der Halinregion, in welcher 
sich die Knosjwn entwickoln, l>ei oinor und derselijen Art verscheidcn. 
Jedo Art befiltzt dem Stengtd entlaiig cine charaktovistiRcho Rcilie von 
KnoBpenfonnen. DioHO fcHtgolegte Aufeinandcrfolge bestimmter Knosjxm- 
formon liezeichne ich mit dem Anwlruck „ KnoHiMjnfolge “ und unter- 
Hcheide a) die Knospcnfolge iui ongeron Sinne, die sich auf die Gestalt 
dor ganzen Knosjwn als solchor bezioht undb) die Vorblattfolge, welche 
die Beschaffbnhoit dor Vorblivttcr, insbosondore ihi-cn „ Spaltungsgi-ad “ 
botriflPt. 

Kaospenfolge im engeren Siime. l^ie Knosj^nfolge im engci-en 
Sinne wird fiir TCrschiodene Gattungen in folgender Tabelle zusamnien- 
gestellt. 


TABELLE VI. 

Knosjionfolge verschiedener Gattungen. 


Gattungsname 

Stengclbasis 

Biisalteil ties 
Htengels 

Mittelteil deg 
Stengels 

Spitze deg 
Stengels 

Dendrocalamus 

nierenfamiig 

nahezu 

herzf&rmig 

nahezu 

[ herzrbrraig 

nahezu 

herzr5rinig 

JiambuM 

rundlich 

herzfftrinig 

herzfCrinig 

nahezu 

dreieckig 

PhyUostaehys 

rundlich 

rhomboidal 

nahezu 

eii^rniig 

nahezu 

dreieckig 

Pleioblastwi 

rundlich 

verlilngert* 

rhoiiiboidul 

rliomboidal 
od. eifbrinig 

lang* dreieckig 

Sosa 

rundlich od. 
rhomboidal 

verliingert- 

rhomboidal 

verlangert- 

rhoniTOidal 

lang'dreieckig 

PneudoBOia 

rundlich 

eifbrmig 

lang-eiftirnilg 

lang‘dreieckig 
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TABELTjE VI. — ( Fortsetziivg) 


Shibcdaea 

Stenjrelbxsis 

ruiullich 0(1. 
rliomhoidal 

Basalteil des 
Sto nereis 

eifoniujj 

Mittelteil des 
Stengels 

lan^j: (Ireieekip; 

Spitze des 
Steuf^cls 

lanpj'dreieokig 

Semiarumlinaria 

ruiuilich 

i 

eifdrnug 

naliezu 

eilorniipj 

naliezu 

eil’dnnig 

Sinobambusa 

I 

1 

rundlicli 

eifr)rmig 

eilunnij; 

eiformig 

Chimonobamlmm 

riindlich 

1 

nierenformig 

nierenforiiii^ | 

i 

naliezu 

! rhoniboidal 


Alls (lor Tal)(^lle j^olit licrv<3r, (lass dh an dor Stcii^olhasiH sltzoiidini 
KnosjKUi ini allgeinoiticn rundlich, dio des Basaltcils dos Hton^ids eifonnijjj 
uiid dio woitor olxni sitz(nidon laiig^'ostreckt sind (Ausnalinuiii : Fendro- 
calamus, Bamtnisa, CInmonobambusa). 

Vorblattfolge. Jodo dor altcrniorond vorhandonoii Knospini dos 
Halms wil’d von oiiiom Vorblatt nmhullt. Boi doii nunston IMonokotylcn 
jst das Vorblatt dem Muttorspnjss adossiort Goebkl, ’80 u. ’05; 

VeleN(.)VS 1 vV, ’05). Boi don BainbiMxni Hndon wir abor das Vorblatt 
mobr odor mindor in zwoi Blatter getix nnt, woiiaoh man don gosohlos- 
soncii odor gosjialtonon Cliaraktcr (I(*r Vorbliittor niitorschoidct. I)i(iSor 
ist solbst boi oiucr und dorsolbon Art jo nach dor J^ago (1(U’ Vorbliitter 
am Stengel vcrscliiodcn, umsomebr bei verschiedenon Alton. Man kann 
hier folgendc zwoi Typen nnterschoidcii: 1. boi Sinohamlmsa, eiiiigen 
Sasa- und rieiohlasLus-Axicw sind dio Vorbliitter gesclilossen, sic scliliesson 
sich iiainlich zii eincm llingwall zusammcn (Fig. 22 u. 23), 2. boi 
andoren Arten sind dio beiden Kiiiider an dor Vordcrscite froi, wio dies 
bei Phyllostachys, Chimonobambusa u. a. der Fall ist (Fig. 22). 

Dor Vorwachsungsgrad der Vorbliitter ist je nach den Bambusarton 
so wio nach dor Lage am Stengel verschiedon. Verfolgt man die Knosjien 
von unteu nach obcn, so lindet man eine characteristische Fonncnreihe 
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GcHpultenc und gOHclilcmsono VorbUlter von verHcliiedcnen Band)nsjirten : 

1 . Dendrocalamus latijloi'us. 2 . Bamlmm Htenostachya. 

8. rhyllostachys Makinoi, 4. Pleioblastus SiiiKmi 

5. Sosa albo-viaryinala. (». Yadakeya japordca. 

7. Shibataea Knmaaam. 8. Semiarundinnria faHtuosa, 

9. Sinobarnbum 'Tootsik. 10. ChimonvbamJmm quadrangularis. 

11. Arundinaria niUakayamensis. x4. 

(ler Vorbliittcr, (lie jo 

iiach dor Gattun^ bzw. 

Art verschieJeii ist und 

als taxononiischefl Merk- 

inal wohl von Nutzcn 

Ciiierschnitt diirch die Vorblatter: 80111 kann. In dor 

a Geschlosscn {Sasa alho marginata) , naclisten Tabcllo Rtollo 

b Gespaltcn iPhyllofitachya reticulata). x5. ^ 

ich eine Reihe von 

Merknialen fiir jede Knospcnfolge zusammon (Taf. III). 
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tarellj: vii. 

VorblattfolKe voificliierlennr (Jattungcn. 


Niimen 

linterin 1 isrho, ^CHtaiiclitc 
Haliiibxsis 

Pxjliter Stengel 

Dendrocalamm laJtijlwnR 

Pie Vorblattor 1 u. 2 siiid 
j^cspalten, ;ille ilbrij^en 
sind geschlossen. 

Die Vorbliitter 1-12 sind 
gesfililossen, von 1.2 ab 
alle gespalten. 

Jiaiidmua dolichoclada. 

Dio Vorblattor .*1-5 slud ge- 
spalten, 6 ist an derSpitzc 
niclir od. weniger gespal- 
ten. 

D;is Vorblatt 1) ist inelir od. 
weniger gespalten, ober- 
halb 12 sind alle gespal¬ 
ten. 

B, Oldhami. 

otwti wic oben. 

etwa wie oben. 

B. <pmhi)ienRis. 

do. 

do. 

Phyllostachys-Arien. 

A lie Vorbliitter sind gc- 
apaltou. 

Alle Vorbliitter sind ge¬ 
spalten. 

PleiofdoHtuii ChiiiOf 
var, aryenteo-HlricUa. 

1 

do. 

Ganz goschlossen. 

P» fframincus. 

do. 

Die V«)rbliltter 1-2 sind 
an der Spitze inchr od. 
weniger gespalten. Ober- 
hall) 4 sin<l alle gc- 
sclilossen. 

P. lUndsii. 

Die Vorblattor sind an 

dor Vorderscitc ganz ge- 
spalten, nnd 4 n. 5 mohr 
od. weniger gespalten. 

l)jis erste Vorblatt ist an 
der Spitze inehr od. 
wenigtT gespalten; 2-0 
sind gesehlosseii. 10 ist 
an der Spitze niehr od. 
weniger gespalten. Ober- 
halb 11 sind alle gespal¬ 
ten. 

P. linearis. 

Alle Vorbliitter sind ge¬ 
spalten. 

Die Vorbliitter 1-6 sind 
gcschloHsen, 7 ist nur an 
der Spitze mebr od. weiii- 
ger gespalten. 

P. Simoni. 

Die Vorbliitter 1-4 sind 
gespalten, und 5 inelir od. 
weniger gespalten. 

Die Vorbliitter 1-7 sind 
mehr od. weniger gespal¬ 
ten, oberhalb 8 gespalten. 

P, vca'ieyata. 

Ganz goschlossen. 

Ganz geschloHscn. 

Arundinaria variegaia^ 
var, 2'anakae. 

do. 

do. 
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Bei DendrocalamxiH, Bambusa uiid oini^ou Artcjn von PleioUcudns Ixitm^t 
(lie KiioHpcuzalil Vorblatt insj^cflanit 6-7 (Fig* 25 cj, iind zvvar 
Ijositzt Jcilc der beidcii Soitonknos 2 )en erster Ordiiuug 2 n. 2^ wie- 
deriiin zwei Soitenknoa 2 )on zwoiter Onluniig, 3, IV und 4, 4^ an ihroni 
baMabni Knotcu (Fig. 25 a). 2) Bei oiiiigeii Artoii von Plciobldshis, 

Semiamndinaria und Chivionobamlnisa bildcn Hicli am basaloii Knotcu dcr 
IIanj)tknortpe zwoi entgegcgesetzto KnoH])cn 2 u. 2^ und trciben fast 
gleiclizeitig init dor F[au 2 )tkiio 8 ])C aus, so dass sick drci KiioH 2 )on in 
domselbon Vorblatt boHndcn (Fig. 25 b). 3) lici Phyllostachys troibt die 
anf oilier Soito dor Hauj)tknos])o sitzondo Knosj )0 zwoitor Ordiiung fast 
gloichzoitig mit dor Hau 2 )tknosj)e {lus, so <lass sick zwei Knosjuni in 
doinsellxni Vorblatt bofindon (Fig. 25 c). 4) Bei Sana und Psciulosasa 

zcigt sick nur die Hauj)tknosj>o, oliiio glcickzeitiges Fruktroibon von Knos 
2)011 zwoitor Ordnnng. 

Die Anzakl dor in domselbon Vorblatt liogondon Knos 2 )on ist jo 
nach dor Stengelrogion voi*sokiodon. In dor nackstokondon Tabello stello 
iok dieso Verkaltnisso zaklonmassig zusauinion. 



Fig. 25. 

Zahl (ler Knospcn in einem Vorblatt (Diagranitn) : a ^amfeit«a*Artcn, 
b Plcioblastus-AtiQW, c Phyllostachys-Arit^rij d ASa«a-Artcn, 
o Steiigelaclise, v Vorbliitter. 

TABELLK VIII, 

Knospeuzaliloti in ein/jclneti Vorbliitteru. 


Namen 

RaHalteil dcs 
Stengels 

Mittelteil des 
Stengels 

Oberteil des 
Stengels 

J)ernlroc(damu8 Ufiflorua 

a 

1 

7 

3 

Bambusa ddichoclcula. 

3 

7 

3 

B. Ofdhami. 

3 

7 

i 3 

B, pcAhinenaia. ! 

3 

7 

1 3 
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TABEI.LE YUL~{Fortsdzxi7ic/) 



— 


“ — ■— 

Ntiineu 

(le.s 

(les 

Oberteil <k 

Steiicjols 

Stengels 

Stengels 

! 

/?. atenostachya. 

•> 

7 

;»> 

Phylloatachys Jtyt'viosana. 

1 

‘J 

1 

1\ Makinoi. 1 

1 

1 

>■} 

1 

1\ reticiUata, | 

1 

1 

‘> 

1 

1\ reticulatai var, Tanakac. | 

1 

o 

1 

PleloblastuR Chino, 1 

var. argcnteo-stricUa, j 

1 


1 

P. gramuicuH. | 

1 

15 

I 

P. linearis. 

1 

a 

1 

P. Simoni. 

•> 


;j 

P. varicgaius. | 

1 

1 

1 

Aruivilmria niitakayamcnsis. ' 

1 


1 

Sosa albo~marginala. | 

1 

1 

1 

S. nipponica. j 

1 

! 1 

1 

S. Tsuboiana. j 

1 

! 1 

1 

1 

Sasaella iivalekensis. 1 

1 

1 

1 

1 

S. viatmishinteiisis. j 

1 

1 

1 

1 

S. ramosa. 

1 

1 

1 

Pseudosajia sjyiadosa. 

i ’ 

! 1 

i 

1 

Yadakeya japonica. 

1 1 

1 

1 1 

1 

1 

Shibataea Kuniasasa. 

o 

1 

' «> 

2 

Semiarundinaria fastuosa. 

1 

J 

i 0 

1 

S. vir'idis. 

1 

1 :5 

1 

Sinobambusa Tootisk. 

1 

i a 

1 

Chimonobambusa rnarmai'ca. 

a 

1 ^ 

a 

V. quadrangtUaris. 

z 

i 

2 


Aufl (ler Tabello orgiht sicli, duss diir inittlero T(3il dc^s 8toii;:;Lds im 
allgemciiicii inchr Kii()S])en bonitzt als dor basiilo uiid dor apikale Toil. 
Bei DendrocalamuH. uiid Bamlnisa butriigt z. B. ilio Zalil dor Kiiospou 
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3. 7 .ii. 3., bei Pleioblaslua, Semianindinaria uiul Sinobanibusa 

1.. 3.u. 1., bei Phyllodachya 1., 2.u. 1., bei Shi- 

bataea 2.. 3.u. 2., wahrciul sie bei Sasa uiid Psmdosam aiif 

1. 1.u. 1. beschrankt ist. 

B. ANATOMISCHE MEEKMALE DER VOKBLATTER. 

Epidermis. Dio vergloichendc Untersuchung zahlreicher Arten aus 
verschiedeiion Gattungen crgab, dass die Epidermis dor Vorblatter je 
uacli der Bambusiirt verschieden beschaffen ist, wenngleich die kuii- 
htriiicreiideii Eleniente iiu allgemeiiien die gleiclien siiid. In der Epidenais 
lasseii sjcli folgeiide Elementc unterscbciden : Iiangzelleii, Kurzzellen, 
S})altofrnungeu and Trichome. Unter dieseri EJenienten macheri die 
Laiigzellcu den Haiiptteil der Epidermis aus. Die Langzollen sind 
ianggestreekt, babon gewellte SeitonwamU^ und sind stets getiipfelt. Die 
Kurzzellen sind ini Vergloich zu den Laiigzellen moistens kleiner und 
dunnwandigor, und mobr odor weniger isodiametriscli. Man kann 
zvvoierlei Kurzzellen untersclieiden, namlicli Korkzellen und Kieselzellen, 
welclie gewohnlich nebeneinander vorkommen, Paare oder Keihen 
bildond. Auf der Iimenseite der Vorblatter kommen Kurzzellen sehr 
selten vor. 

Die Epidormiszellon konnen als Stomata oder als Haare ausgebildet 
sein. Dio Spaltoffnungon treten in der Eiiidennis der Aussenseite auf, 
wahrend sie an der Innenseite entweder gar nicht odor nur in geringer 
Zahl aufzuKnden sind. Die Weise der Anonlnung der Spaltofthungen ist 
je uach den Einzolfallon verschieden. Bei geoffneton Vorblattern, wie 
z. B. bei Phyllostachya, ShibcUaea u. a., sind sie reichlich an den ge- 
spaltenon freien Random dor Aussenseite dor Vorblatter vorhanden, bei 
geschlossonen Vorblattern dagegon, wie z. B. bei Sosa, Pleioblastus u. a. 
sind sill reichlicher in dor Mitto zu sehen. 

Haare sind bei den meisten Knospen vorlianden und lassen sich in 
folgendeldrei Typen einreihen (Fig. 26: 1, 2, 3). 
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Typus I. Selir laiige (UlO-160//), oiii- od. inolirzelligo, meisteiiH 
briiiiuliche Haare. Sie koimueii auf dem llaud in dosscn oberem Tall ^ 
Oder auf dor gtinzoii Flaclic de« VorblattfliigelH vor (vgl. Fig. 27 


Tyj)us II. Mtisfiig lango (40~80/i), 
eiii- od. luchrzclligo weisHo Haare. Dieso 
komiueri auf deiu gaiizcii Itande, deiu 
uutereii Teile doH Fliigcds uiid dcs Vor- 
blattcs vor (vgl. Fig. 27). Wenu Hie 
Hicli auf deiii Bantilteil den Vorblattes 
Hiideii, Hind Hie oft Hicbelfbniiig gekriiiiimt 
odor gewellt. 

TypuH III. Selir kurze Haare (10-20 
/i). Zwc^izellige Haare niud in zwoi Hau]>t- 
fonnen vortreten : 1. an der Bpitzi^ ab- 
gerundete (Fig. 26, 3 c) uiid 2. etwan 
zugeH])itzt(». Haare (Fig. 26 3b). Hu'. 
kouiinen auf deni ganzcni VorbJattflugel 
in gleichmaHHiger Verteiluiig vor. 

Gleichartige Haare koiniuen ntets in 
einem bcHtiininteii Teile des V^orl>latteH 
vor und bieten je nacli der S]K^zieH be- 
sondere topograjiliisclie Merkinale (vgl. 
Jeswikt, M6) dar. 



Die Haartypen auf dcm 
Vorblatt; 

]. 8chr lan^e, ein- od. mehr- 
zelliRC Haare (Typus I). 

2. Masnig lange, ein* od. mehr* 
ZL'llige Haare (Typus H). 
a. Sehr kurze, cin- od. zwei- 
zdlige Haare (Typus III). 

xlOH. 


Dio topogray)liiHclie Verteiluiig dieser drei Haartyjien niochto icli 
folgenderweiHe niit Nummern bezeiehneii (vgl. Fig. 27). 


Typus 1. 




< 


1 . 

2 . 


6 . 


\ 


10 . 


Am obereii Toil des FliigelrandeH. 

Auf dem Fliigelraiid unterhalb 1. 

Auf dem ganzeu Areal dcH Fliigels. 
Auf dem obereii Teile der Vorblatter. 


1) Obeii, nicht weit entfernt von <Ier Spitze, i«t »ler P'ltigelrand beiderseitig oft inehr 
Oder weniger gekrtiiiinit und kantig. Sulche Kanten sind bei PhyUontnchys Ari^'n sehr 
dcutlicb. Den zwischen der Spitze und der Kante liegenden Teil lezeiehne ieh als 
uberen Handteil. 
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Die Ilaartypen auf der Aussenseite der Vorbliitter (Schematisch dargestellt). 

a. Bambma dolichoclada. b. Phyllostachya MakinoL 

1-6. Haartypen auf dem FlUgelrand. 

6-8. Ilaartypen auf dem Vorblattflilgel. 

9-13. Haartypen auf der Fliiche des Vorblattes. 



Tyi)us II. 8. 


12 . 


) 

ii3. 


Auf dem ganzen Fliigclrande. 

Am uutereri Teile des Ilandes. 

Auf dem uiiteren. Teile des Flugels. 
Auf dem uiiteren Teile tier Vorblatter. 
Auf dem Basalteile der Vorblatter. 


( 4. 


Typus ni.< 


7. 

9. 


111 . 


Auf dem ganzen Fliigelrande. 

Auf dem ganzen Knospenfliigel. 

Am Kando des Spitzenspaltes der Vorblatter oder 
am freien Ilande der gespaltenen Vorblatter. 

Auf der oboren Partie dcr Vorblatter. 


Bei ein4en Arten sind diese 13 VerteilungBty|)en der Haare alle 
zu sehen, w^ irend bei anderen die Haam mohr oder minder rudimentar 
sind oder sogftr fehlen. Diese topographische Hoarverteilung lasst sich 
tabellarisch vie folgt darstellen: 
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TABELLK IX. 


Dio topofjraphiHohe Aiiordtiung ilcr Iliiaro aiif dor Aiissonsoite 

dcH VorblattcH. 


Naiucn 

NumniPrnbczeichnunifen der verHchiedenen 
Aiiordnungsweise der llaare. 

Flugelrand 

Knospen- 
HUgel f 

Fliichc der Aussen- 
wJite des Vorblatt^js 

12 3 4 5 

6 7 8 

9 10 11 12 13 

Dendrocalmims latijhrus. 

4- 1* 4- 4' 4- 

4- 

4 4- 4 4 4 

liambusa dolichoclada. 

1- 4- 4- 4- 4- 

4” 4- 4' 

4 4- 4- 4 4* 

J^, Oldhami. 

4- 4* 4- 4- 4- 

4- 4- f 

4 4 4 4 4- 

Ji, sienosiachya. 

1* 4- 4* !- 1- 

-h 4- 4 

-h 4- 4 -f -1- 

Phyllofttachyn foi'inoHana, 

4* 4- 4- 

4- 

4 

R Makinoi. 

4- 4- + 4- 4- 

4- 4 

4 

P. reticulata. 

4- 4- 1‘ 4- 

4 

4 

P, reiicuhia^ f, Tanakae, 

1- -i- + -i- 



J\ reticulata^ rar. Marliacea. 

4- 4- 4- 

i- 4 

4- 4- 4 

Pleioblaetus Chino, var. argenteo striata. 

4* + 4- 1- 4- 

4 1' 


P. gi'amineus. 

4* + 4- 4- 4- 

4 4- 


P, Hindsii. 

4- 4- 4- 4' 4- 

4 4 4 


P, linearis. 

4- 4- 4- 4- 4- 

4 4 


P. Simoni, 

4- ^ 

4 4 4- 


P. variegatus. 

4- 4- 4- 4- f 

4 4 


P. vat'iegatus, var. viridis, f. pubescens. 

4- 4’ 4- 4- 4- 

4 4 


Arundinaria niitakayamensis. 

4* 4' 4 F 4* 

4- 4 


Sosa albo-marginata. 

4_ ..j. -|- 

4- 4 

+ 

S. Tsuboiana. 

4“ 4- 4- 

4 


Sasaella ramosa. 

4- + 4* 4- 4- 

4 4 


Pseudosasa Kurilensis, var. nebulosa. 

4- 4- 4- 4- 4- 

4 4 


P. spiculosa. 

4- + 4- 4' 4- 

4 4 


Yadakeya japonica. 

4" + 4’4'4' 

4 4 4 


Shibataea Kumasaaa. 

4- 4- 4“ 4- 4- 


+ + + 

1 
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TABELLE IX. ~ ( Foriaeiz^wg.) 



1 NumTnernbe«eichnungen der verschiedenen 

1 Anordnungsweisd der Haare. 

Xanicn 

Fltlgelrand 

Knospen- 

fiUgel 

Flilche der Auosen- 
seitedes V^orblattes. 


12 3 4 5 

r> 7 8 

9 10 11 12 13 

Semiarundinai'ia fastuosa. 

S, riridis. 

-i- -1- 4- 1- 

+ d- 1- H- 

d- d' 

1- d- 


Sinobambusa Tootaik, 

1* 1' d d- 

d' d- 


Chimonobambma marmorea. 

d- d- -b d- 

f f d^ 

■f d- d- 

C. quadranffulai'is. 

d- -b d- 1- d- 

d* d‘ -b 

d' -1* -b 


Annicrkung; A Is Vcrgleichsnuiterial hat die fUnfte oder sechjite Knospu dco Stengels, 
von unten ab gerechntt, gedient 


Aiih (lor Tabello orgibt «ich, da^H am Fliigolrand fast ilbora]! di(3 
oben goiiaimten 3 Haartyj)ou auftreteii. Auf dor Flacho dcH Vor- 
blattcfl aber treteu dieflolbeii in verHcluedenor Weitto auf. Bei Chimono- 
bambiisa kommen sie in roichlichcr Mongo vor, bci Dendrocalcmus, 
Bavibusa, Phyllostachys und ShibcUaea sind sie ziemlich gut cntwickelt, 
wiihrond Pleioblaslua, Sosa, Psmdosaaay Seniiarundinaria und Sinobandniaa 
ganz unbehaart sind. 

Die Haar(^ am Flugelrand konnen ein- oder mohrzellig sein. Fiir 
dio Systematik ist das Vorkomnien von diesen oin- odor mehrzclligon 
Htiaren oder ihr Fehlen insoforn von Bedeutung, ajs sie zur Bestimmung 
dor Gattung dienen konnen. Bei Dendrocatamus, Phylloatachya und 
Chimonobambum sind sie stets einzellig. Die Zahl dor mclirzelligen 
Haare am Fliigelraiid Ist jo nach der Gattung verschioden, z. B. bei Sewa 
und J^irwbambum kommen sie sehr sparliclb hiiigegen bei Pleioblastiia und 
Pseud^asa in reichlichor Mengo vor. 

Eb 6 2^hl der mehrzelligen Haaro am Flugelrand des Vorblattes ist 
je nacn der Stengelregion verschieden. Bei don an der Basis des Stengels 
entwiccelten Knospen treton die mehrzelligen Haare gewohnlich reich- 
lichor B-uf, wahrend sie bei denen des oboren Toils verhaltnissniiissig 
sparlicl} sind. 
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Rei oinigon Arton, wie z. B. PleioUcuiUis lineariftf Antmlinaria niitaka- 
yamensis luid Sinobnmbusa Toofsiky u. a. sind die TTaare auf dcri Kandern 
<ler Vor})latter rot gefiirht. DioBe Farbung ist (lurch iin Zellfitift gelostca 
Aiithocyan verursacht. 

Mesophyll. Unmittc^Ihar unterlialh den* Epidenniw liogt cine dick- 
wandige, Hklerotiache, Huh;',i)iderinalo Bastplatte in Gestalt cinca 1-3 
schichtigen Rlnges (Shihata, ’00). Dieso Biisti)]atte fungiert an SMh 
dor fiog. Huhepidcnualen Triig(3r (Sciiwendeneu, ’74; Koop, ’07); sic ist 
in den vorderen und hinteren Teilen dea Vorhlattes nur scliwaeh, an 
den heiden Ecken aher aehr ansehnlich entwickelt. 

Dio Entwicklung d(3r Xervatur iin Moaophyll dea Vorblattes ist je 

nach dor Gattiing sehr 
verscliiedeii, so ist si(3 bei 
DendrocalamxLH, Barnlniaa, 
PhyllostachySy Pleioblaatxia 
n 11 d SemianmUnaria 
stark, bei Saaiij Psvtulosasa 
und Arundmarla niitakaya- 
mensis aber sehr schwach 
(Dies betrifft die 4. oder 
5. Knospe am Stengel, 
von unteii ab gercclmet.) 

Die BastbelagC3 der 
Gefassbiindol stosson ge- 
wohnlich unmittelbar an 
die subcpidermalon Bast- 
platten (Fig.28). In der 
dickeren fleischigen Kan- 
ten^mrtie sind fast alle 
Gef&ssbundel mit ihren 
Eine vollstandigo Mestom- 
Rcheide kann man selton bei den Vorblattem beobachten, wie das auch 
bei manchen Monokotylonblattern dor Fall ist (Habeblandt, ’79; 
ScaWEWEXER, 74 u. ’20; Koop, ’07). 



Querschnitt (lurch die Vorbllitter von 
Phylloataehya Makinoi: 
e Epidermis. 

R Subepiderniale Bistplatte, 
p Parenchym. 
g u. g' Getussbiindcl. 

1 (XIO), 2 (Xl03). 

BaRtbel&gon ganz paronchymfroi (Fig. 28 g’). 
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VI. PIE KNOSPE 


VII. BESTXBOnJNGSSGHLUSSEL. 

Nach don bisher eroi*terten mori)hologisch-anatomischon Einzelheiten 
lassen sich die Bambns-Gattungen Bj^tematisch in folgender Weise 
einreihen. 

I. Unterirdischc Stengel bilden einen einfachen Eascn. 


A. Ilaare am Knospenfiligelrand einzellig. Dendrocalamus, 

B. do. moistens mehrzellig. Bamhma, 


It. Unterirdische Stengel bilden einen Kasen aus Aiislaufern.. . Arundina'i'ia niUokayamemis, 
HI. Unterir.lische Stengel mit seitlicher Kasenbildung aus Bhizomen. 


A. Vorbliitter des Halms gespalten. 

ai Ilaare am Knospendilgelrand einzellig. . .. Chimonobambusa, 

bi do. mehrzellig. Shibataea, 


B. Vorbliitter des Halms nur teilweise gespalten oder ganz geschloasen. 
a| Vorbliitter teilweise gespalten. 

a 2 Vorbliitter der unterirdischen Stengel geschlossen. Knaspenzahl 1.. 

1 (od. 2) .und 1. 

a ,4 Haare am KnospenHttgelrand 1-2 zellig. 

a 4 Die zwiscben <len Gefassbiindelanastomosen eingescblossenen Blatt- 

bezirke sind quer rechteckig.. Sosa, 

b| do. etwn gleichseitig rechteckig. 

uq Vorblattspitze symmetriscb od. doch niir leicht asymmetrisch. 

... Ptieudosasa, 

bg do. asyrametrisch, auf einer Seite konkav, auf der andem 


konvex.. Yadakeya, 

bj Haare am Knospenfliigelrand 3-7 zellig. Sasaella, 

b^ Vorbliitter der unterirdischen Stengel gespalten. Knospenzahl 1 (od, .3) 

.. 3 (od. e-7) .und 1 (od. 3). 

as Haare am KnospenflUgelrand 2-6 zellig. Pleioblastus, 

bs do. 1-2 zellig. J ’ . Semtarundiriaria, 

bt Vorbliitter ganz geschlossen. Haare am KnospenflUgelrand durch Anthocyan 
gefiirbt. Sinobambusa, 


IV. Unterirdische Stengel mit zerstreuter Verzweigung. Gespaltene Vorbliitter . . , 

PhyUo9tachya, 


Vm. DISCUSSION. 


Wiel cingangs berichtet, hatte ich m!r die Aufgabo gestellt, die 
japanisclKn Bambusarten nach ihren vegetativon Organen zu klassidzieren. 
Da ihre '^orphologisch-anatomlschen Yerh&ltnisee viele Mannigfaltigkeiten 
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aufwoiaen und, vom klaBsirtkatorischen Stan(l])unkt aiw botrachtot, Merk- 
inale verKchiedener Wertigkeit darbieten, so diirftoi sich eino ByRteinatische 
Kinteiluiig dor Baiubusarton auf dioser Grundla^e als oberiRo zuverlassig 
erwoifleii wie die auf Gruiid dor Bluteiior^aiie dlirclifjjofdhrte, uiid ist jeden- 
falls weit l) 0 (juoinor als dios(\ Dio iiiorjdioiogiscli-anatoinischen Ki^entiiiu- 
liohkoitoii dor VoiJjctatiousorgauo dor obeii orwahiitoii 12Gattungou lasson 
sich wio folgt diftbrouzicren. 

Was zuuachst die Gattungoii Dendroealamus und Bambiiaa anbotriflPt, 
so ist os Holir uierkwiirdig, dass 1) diose zwoi Gattiingoii oincn cinfacheii 
Rason bildoii, wahvend alio iibrig{m Gattungen mit Rhizoiuoii vcrselioii 
siiid, dass sio 2) in ihror Wurzcl oino O-Scholdo bositzcn (Makino u. 
SiiruATA, ’01), wiilirond dio iibrigoii Gattmigen oino C-Schoide haben, 
und dass ihro KnoR})onfo]gon ganz identisch sind. I)ios(^. zwoi Gattun- 
gon lasson sich jodoch durch die Behaarung dos Knospenfliigelrandes 
un z wo i do ut ig u n tor sc 1 lo i don. 

Jrswiet (M6) hat dio Zuckorrohrsorton naoh don bosonderon, 
toi)ogra|)hischcn Merknialon dor Vorblattbohaarung eingetoilt. Soinc 
Arbeit ist wohl nur insoforn als giiltig anzusolien, als sio auf das in 
Java angebauto Zuckerrohr boschiiinkt wird, da, wio es inir scheint, 
dio topogniphischen Behaarungsinerkinalc zii gewissom Grade okologischen 
Charaktors sind und in dor Systematik nur cine wcnig wichtige Rollo 
spielen konnon. Bei Bambusoon schatzc ich die dicsbczuglichen Fest- 
stellungen goring ein und habe mich auf dio Anga })0 der topograj)hi- 
Rchen Bchaarungstypon beschninkt, ohne ihnen woitoro sjT^tcmatiscbc 
Bedeutung beizunicsseii. Die Behaarung kann, meiiior Ansicht nach, fur 
die Systematik der Bambusoen einzig insofern von Bedeutung sein, als 
das Vorkommen msp. Fohlen einzelliger Haare am Vorblattflugclrando 
bei der Bestimmung der Gattungen lierangezogen werdcn kann* 

Die Art Arundinaria niiiakayamensis {=Indocalamu8 niitakayamensis) 
wurdo zuerst von Hayata (’07) als oine Arundinaria beschrieben, dann 
aber von Nakai (’25) zur Gattixng Indooalamus gostollt. Dio Art sollto 
abor nach meinor Ansicht als Typus oiner neuon Gattung behandelt werden, 
da sie Auslftufor besitzt, welche, sowcit aus der bishorigen Literatur 
ersichtlich, wodor bei Arundinaria noch bei Indocaiamus vorhanden sind. 
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virr. DiBKUssioi? 


Boi den 3 Gattungon Cliimonolxtmbusa, Shibaiaca imd Phyllosiachys 
Hind die Vorblatter anf der VordcrRcitc ganz geRj)alteii. Dicao Gattiingen 
lasBon Hich durch folgeride Merkniale von einandcr imterflcheidon : Phyllo- 
slachys hat Btets zerstreuto .‘Verzweigung, wahrcnd Chimonobamlnisa und 
Shibitiaea hunier seitliche Kaaenhildung huh Rhizoinon aufvveiaon. Die 
beideii lotzteren wiodernm aind von elnandor diirch die Ein- bzw. Mehr- 
z(dllgkeit der Haare am Knofli)erifliigelrand deutlich zu unteracheiden. 

In neiiester Zeit hat Making (^29) seine Gattung Sasaella von der 
Gattimg tiasa abgosondert. Ich halte dies insowoit fiir richtig, als die 
Haare am KnoafK^nflugelrand bei Sasaella 3-7 zellig und die zwischen 
den Gefilsabundolanastomosoii oingescldossencn Blattbezirke ungefahr gleich- 
seitig rechtockig sind. J^tztere Blattbezirke scheinen fiir die Systematik 
von grossom diagnostisolion Wert zu sein, weil ihre Gestalt bei einer 
und dei-selben Gattung nahezu konstaiit ist. Auf Gruuil dieser beiden 
Merkmale beuitoilt, weist die Gattung Sasaella nahere Verwandachaft mit 
Pleiohlasim auf ala mit Sasa. 

Making (^29) hat ferncr die Gattung Yadakcya von der Gattung 
Pseiidomsa abgeaondert. Meiner Anaicht nach aollten innerhalb doa 
friihorQn Genus Pseiidosasa nach der Ausbildiing der Vorblattapitze drei 
Gattmigen untei*schieden worden : 

1. Vorbliittspitze auHgeHproclien as^'iimietriBch, und zwar stets auf der einen Seite 

konkav, auf der anderen konvex. Yadakeya japonica (Fig. 29, 1). 

2. Vorblattspitze ± asymmetrisch, jedocli niemals auf einer Seito. konkav. 

PseudoBoaa (a) spieulosa (Fig. 29, 2). 

X Vorblattspitze symmetriscjh. I^evdosasa (b) Togtuhiam (Fig. 29,3), P. (b) 

Kurilensis, P, (b) Kurilensiaf var, Uehidatu.a, 

Yadakeya japonioa und Pseiidosasa (a) spieulosa atehen aich auf 
Grund der Asymmetric der Vorblattapitze aehr nahe, vvahrend Pseiidosasa 
(b) sp. div. wegen der Symmetric nahere Verwandschaft mit den Sasa- 
Arten aufweisen, und infolgedessen in einer neuen selbsta^iidigen Gattung 
untergebracht werden aollten. 

Die Gattungen PldoUasius und Seniiarundinaria weiaen niihere Ver¬ 
wandschaft miteinander auf, und zwar auf Grund der Konatruktion ihrer 
Knoapenfolge; aie lasseu flich aber durch die Behaarung am Knoapon- 
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fliigclrand scharf voneiuandor absondcrn. Dio Knospenfolgo Bcheint 
hierbei berufen, fiir die Systoniatik eino grosso Kollo zu spioleu, da sie, 
fiowoit mil* crHichtlioh, innorlialb cincr uiid derselbeii (iittung zlciulich 
koiistaiit ist. 



Fijx. 20. 

Vor’olutt.spitze: 1. Y.adukeya japonica. 2. Pseuil()K;usa(a) spiculosa. 

3. PHeu(losaHa(b) Toj^anhiann. xlO. 

Wonii man die verschiedeiion Formen dor KnoHpenfolgo iiborblickt, 
HO gewinnt man den Eindriick, dasH liici* bei don nicdersten BambuHtyj^on 
zunacliRt gespalteno Vorblattcr anfgotrcten sind (PAyWoatoc/iys u. a.), 
welcho dann im Tiaufe dor weitoron Kntwicklung dor Vorblattfolgon in 
ausschliesslich gesehlosseno Formen ubergiongon {Scisa n. a.). 

Nobon den 10 Gattungon mit beHtimmtor KonHtruktion dor KnoHjien- 
folgo habon wir noch zwei Gattungon, Pleioblmhis iind Sosa, demn 
KnoH|)enfo]gon mohrero vorschiedene Konstriiktionen zoigen. Bei dioRon 
zwei Gattungen weist niimlich dio Vorblattfolgo selbst iniierhalb einer 
und dersolben Gattung verschiodono Typcn auf, namlich gesehlosseno, 
gespaltene und toils gespaltene Vorblattcr. Pleiobladua und Sosa stellen 
meinor Ansicht nach keino systematisch abgogrenzten Gattungen dar, 
sondern schoinen vielmehr ein Artengemisch aus vorschiedenen Gattungen 
zu umfassen. 
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vnr. DI8KTIS8IOK 


Verfolgt mau die Knosj^nfolgoa verschiedenor Siwzies uad VariotA- 
ton bei dieeea zwei Gattungea, bo finden wir, dasB sie nicht ganz parallel 
mit der taxonomischon Verwandschaffc gehen, wie iu dor folgenden 
Tabolle veranBchaulicht wird. In der Tabelle stelle ich den geschlossenea 
Oder gospaltenen Zustand des Vorblattos in Zickzacklinien dar. /\/\/\ 
bodeutet gespaltene, zur Hftlte gespnltene, raehr oder 

weniger gespaltene Vorblfttter und ganz geschloHsene Vorblat- 

ter. 


Namen 


StSQgel basis 


Stengel 


1 23456789 10 II 


Pleioblatkui Sinwni. 

^^rundtnario (PleitMadua ?) 
Simoni, txir. vcniegata. 


AA/'WWVVW\A 


’I^eioblaatM variegata. 

P, variegata, var. Akebono. 
P. variegata, var. Tanakae. 


P. variegata, var. viridit, 
/. mq/or. 

P. variegata, var. viridis, 
^ /. giabm. 


AA/vn 


.VVWv 


Aus der Tabelle geht hervor, daBR Fleslqblashis variegata rait ihren 
Varietaten, P. variegata, var. Akebono und P. variegata, var. Tanakae, 
einander ahnlich sind auf Grund der geschlosflen^n Yorblfttter, wfthrend 
die ih.r zugerechneten Formen P. variegata, var. viridia^ jf, pubsoen^f 
und P. variegata, var. viridis, /. major, wegen der gespaltenen oder zur 
Halfte gospaltenen Vorbl&ttor eine n&here Verwandscbaft lOit Pleioblastus 
anzeigen. 

ll^o Yorbl&tter der Monokotylen sind aowohl in der vegetativen Partie 
wie ill den InfloreBzenzzweigen schon von vielen Forschem wiederhoH 
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imtersucht wordim (Eichler, ^75; Schijster, ^10; Bremekamp, M 5; 
liuTER, ^18). Es gibt liber die Vorblattbildung dor Moiiokotylen zwoi 
Ansjchten : mancho Forscher (Goebel, ’80; Bremekamp, ’14; Ruteb, 
’18 iL a.) nelimen an, dass die Vorbliitter durch die „ Verwachsung von 
zwoi Vorblattern entstandcn sind, nach anderen (Bugnon, Arber,’23 u. 
a.) entsprache das Vorblatt ciner einzigen Blattanlage. Den Arguiiien- 
ten von Arber gegeniiber vertritt Collins (’24) in den letzten Jahren 
die Ansicht, dass das Vorblatt aiis zwei Blattanlagcn entstcht. Auf die 
Frage, ob fiir die Monokotylen ein odor zwei Vorblatter auziinehmen 
sind, soli in diesem geograj)hisch beschninkten Ealimeii nicht uahcr einge- 
gangen worden. Meine hier gegebencn Befunde sind beschriinkt auf die 
inorphologischen Data, namlicli gcschlossener oder gespaltener Charakter 
der Vorblatter. 

Was zulctzt Sinobambum aiibelangt, so zeigt sie mit Pleiobladus und 
Semiarundinaria ganz goschlosscne V<irblattcr und dcs weitcren starke 
Anthocyanfarbung der Haaro am Knosponflugelrand ; es ist jedoch nicht 
zu vergesseu, dass auch bei eiuigen anderen Arten Anthocyanbildung 
vorkommt. 

IX. Zusammenfassung der Ergebnisse der morphologischen 
und anatomischen ISnzeluntersuchungen. 

I. In Bezug auf die Verzweigung dos Rhizoms lassen sich folgendo 
vier Typen unterscheiden : 

1) Einfache Rasenbildimg: DendroccUamus, Barrdnisa. 

2) Raseiibildung aus Auslaufern ; Arundinaria niitakayamenm. 

3) Seitliclie Rasenbildimg aus Rliizomen: PleioblasttiH, Sosa, 
PsexUlosasa, Sldbataea, Semiarundinaria, Sinobamhxtsa und 
Chinuynobarnbum. 

4) Zerstreute Verzweigung: Phyllodachys. 

II. Der Bambushalm besteht aus drei Teilon ; 

1) Unterirdische, gestauchte Zwoigbasis Oder Stiel. 

2) Ubergangshalm odor Stengolbasis. 

3) Der echte Stengel oiler Halm. 
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IX. ZUSAMMENPASUNG DliR BRGEBNISESE DER 


III. Dio aufisersten, kleiiion Bastbiindel dor Iiiternodienbasi« des 

Halms sind in dor liingsrichtung jc nacli dor Art starker odor schwachor 
nach aiisson bin gokrummt. Dicser Krummungswinkel ist bei PliyllosUt^hys 
(12l®-147® fur die mittloren Internodien dos Halms), Sinobamlnisa 
(130®), Sosa u. a. klolncr als bei andei-en Gattimgen, wie 

z. B. Psetidosaaa (174®*-176®) u. a. 

IV. Die Vorblatter sind je nach der Sj>ezies wie nach der Halmregion 
geschlossen oder gespalten, imd lasscn folgcudc Typcn nnterscheiden : 

1) Zum Ringwall geschlossene Vorblatter: z. B. bei Scwa, Sino- 
bambuaa. 

I 2) Die Vorblatter sind alle gespalten: z. B. bei Phyllostaohys, 
Shibaiaea, Chinwnobamlnisa und Arundinaria niiiakayamcnm. 

3) Die Vorblatter sind je nach der Halmregion gespalten, ge¬ 
schlossen, oder in verschiedenem Gmde halbgespalten, so bei 
DendrocalamtiSy Bambiisay PleioblastuSf Pseiidosasa und Semi- 
arundinaria^ und es sollte nacli meiner Ansicht ihre Eiiiteilung 
von diesem Gesichtspunkt aus ctwas modifiziert werden. 

V. In bezug auf den geschlossonen oder gespaltcnen Zustand dor 
Vorblatter des horizontalen Ilhizoms lassen sich zwei Typeii uiiterschoideii, 
namlich: 

1) Gospaltene Vorblatter: bei Phyllostaohys, Semiarundinariaj Shi- 
bataea, Chimonobambiimy Pleioblasins u. a. 

2) Geschlossene Vorblatter : bei Sinobamlnisa, Sasa, Pseiidosasa u. a. 

VI. Die Haare auf dem Vorblattflligolrand dos horizontalen Rhizoms 
und dos Stengels sind ein- oder mohrzellig*. Bei Dendrocalamus, Phyllo¬ 
staohys und Chimonobambusa kommen stets nur einzelligo Haare vor, bei 
Pleioblastus, Sasa, Pseudosasa, Shibaiaea, Semiarundinaria und Sinobambusa 
sind sie ein- oder mehrzollig. 

VII. Bei einigen Arten sind die Haare auf den Vorblattrandern 
durch -^nthocyan gefarbt, wie z. B. bei Pleioblastus linearis, Sinobambusa 
Tootsik, ^\Arundinaria niitakayamensis u. a. 

Vip. Die Zahl der Knospen in demselben Vorblatt ist nach der 
Species juud nach der Lage am Stengel verschieden, n&mlich: bei Den- 
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drocalamns uiid Bamlnisa betriigt flie von iiiiton mich obon ani Stengel 

3., 7. und 3.. boi Pleiobhiidus, Semiamnclinaria, Sinobambiiaa 

mul Anindinaria niitakayamcriHis 1., 3.niid 1.. bei Phyllostachya 

1.. 2.und 1., boi ShibcUaea 2.. 3.und 1., walirend 

Sana und Pmidosasa nur die Ziiblcn 1. , 1.und 1., aufwoiseu. 
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Namenverzeichnis der im Text besprochenen 
BambusartexL 

Dendroccdamus laiifnrm Munro. (Nom. Jap. Ma-chikii,) 

Bambiiaa dolicliodada Hayata. (Nom. Jap. ClCahi^chikn.) 

JB. dolicliomeril/ialla Hayata. (Nom. Jap. IFijuki-dake.) : 

B. nana Rc)XB. (Nom. Jap. llowodiiku.) 

B. nana Roxb. var. nomialis Makfno. (Nom. Jap. lloraiddku.) 

B. nana Roxb. var. normalia Making, f. Alphonso-Karri Making. (Nom. 
Jap. Siih diihi.) 

B. Oldliami Mitnrg. (Nom. Jaj). JRyokndiiku.) 

B. pachinenm Hayata. (Nom. Jap. Pcuikina-dake.) 

JB. stemdachya Hack. (Nom. Jap. Shichiku.) 

B. Sliimadai Hayata. (Nom. Jap. Sekikaku-chiku.) 

J3. mdgaris Schrader (?). (Nom. Jap. Kinshi-chikiL) 

Pliylloatachys edulis Riv. (Nom. Jap. 31 s'ddku.) 

f. edvlia RiV. var. hekrocyda Makincu (Nom. Jap. Bviaumenddku*) 

P. edxdia RiV., var. heterocyda Making, f. subconvexa Makinu* (Nom. 
Jap. KikkTi^hiJeii.) 

P. jormomna Hayata. (Nom. Jap. Jimmenddkn.) 

P. 3Iakinoi HayaTx\. (Nom. Jap. Kei-chiku.) 

P. nigra Munrg. (Nom, Jap. Kuroddku.) 

P. nigra Munrg, var. Hemnia Making. (Nom. Jap. Hachiku.) 

P. nigra Munrg, var. Henonia Making, /. Boryana Maiceng. (Nom. Jap. 
Unmonddku .) 

P. reticulokL C. Koch. (Nom. Jap. 3Iad(ike.) 

P. reticulata C. Koch, f. Tanakae Makino. (Nom. Jap. iry~ga-lumoliiku.y 
P. retumlata C. Koch, var. aurea Makeno. (Nom. Jap. Hoteir-oJdku.) 

P. retiGulaia C. Koch, var. 3Iarliacea Makino. (Nom. Jap. Sldbodiiku.) 
Pleioblaatua Chiiuo Makino. (Nom. Jap. Azuma-nezaaa.) 

P. Chino Makino, var. Laydekeri Makino. (Nom. Jap. Hdkonedialee.) 

P. Clwno Makino, var. argenteo-atriaia Makino. (Nom. Jap. 8Idma-medak€.y 
P. gramnem Nakai. (Nom. Jap. Tamin-ohikiu) 

P. Hmdmi Nakai. (Nom. Jap. Kwanzan-ohiku.) 
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P. Kiusiantis Maktno. (Nom. Jap. Fiiahiddka-aliino.) 

P. linearis Nakai. (Nom. Jap. Ryukyw-chiku.) 

Arundinaria {Pleiobla8tus?y^ Matsunoi Makeno. (Nom. Jap. Yokohamor- 
dake.) 

Pleioblastiis Simmi Nakai. (Nom. Jap. Medake.) 

Arundinaria {PldoUasiusf) Vsawai Hayata. (Nom. Jap. Kawakamuri^ 
yadake *) 

Pleioblastus variegata Making. (Nom. Jap. Chigo-zasa.) 

Arundinaria {Pleioblastus f) variegata Makino var. Akehono Making. (Nom. 
Jap. Akehonjo-zasa.) 

A* {Pleioblastus f) variegata Making, var. pygmaea Making, f. glabra 
Making. (Nom. Jap. Oroshirm-chihi.) 

A^ {Pleioblastus f) variegata Making, var. Tanakae Making. (Nom. Jap. 
Sudare-yoshi.) 

Pleioblastus variegatus Making, var. viridis f. b. glaber Making. (Nom. 
Jap. Nezasa.) 

P. variegatus Making, var. viridis f. humUis Making. (Nom. Jap. Kochihu.) 
P, variegatus Making, var. viridis j f. ma;or Making. (Nom. Jap. Mikuni- 
zcLsa.) 

Arundinaria niitakayamensis Hayata (Nom. Jap. Niitaka-yadake.) 

Rasa albo-marginaia Making et Shibata. (Nom. Jap. Kurm-zasa.) 

8. albo mar^nata Making et Shibata, f. minor Making et Shibata. 
(Nom. Jap. Ko-kumazasa.) 

8. nipponioa Making et Shibata. (Nom. Jap. 3Iiyaka<isa8a.) 

8. sepienirwnalis Making. (Nom. Jap. iliyamjrzasa.) 

8» Tohigatoana Making. (Nom. Jap. Tokugaworzasa.) 

8 . Tsithoiana Makino. (Nom. Jap. Tsuboi-zasa.) 

Sasadla iuoatekensis Making et Uchida. (Nom. Jap. Yahorzasa*) 

8. ^fatsusJdmensis Making. (Nom. Jap. Ifatsusldma-zasa.) 

8> ramosa Marino. (Nom. Jap. Azuma-zaaa.) 

1) iWh Nakai (’25) sollen die japanischen, bis dabin in der Gattung-drundtnorta unter- 
geWachten Arten si&mtlicb zvl PleiobUutuB gebSren, und in der Tat hat Makino (’26) 
BcnDn einige dieser Arten dorthin gestellt. Ich habe deshalb hier auch diejenigen 
AriMtruiria * Arten ; deren generisohe Zugeharigkeit noch nicht von autoritativer Seite 
fest^tellt ist, als PleiobluMua (?) angefahrt. 
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Paeudosasa Kurilensis Making. (Nom. Jap. Nemagari-dake.) 

P. kurilenm Makino, var. nebulom Maicino. (Nom. Jap. Sliakotan-chiku.) 
P. kurUensia Makino, var. Uchidai Making. (Nom. Jaj). Nagaba-nemar 
garidake .) 

P. Togaaliiana Making. (Nom. Jap. Nambn-mizti.) 

P. apiculoaa Making. (Nom. Jap. 8uzii-dake.) 

Yadakeya japonica Making. (Nom. Jap. Ya-dake.) 

Shibaiaea Kumaaaaa Making. (Nom. Jap. Okame-zaaa.) 

Semiarundinaria faatuoaa Making. (Nom. Jaj). Narihira-dake.) 

S. faalxma Making, var. viridis Making. (Nom. Jap. Ao-narihira.) 

S. viridis Making. (Nom. Jap. Yashor-dake.) 

Sinobambuaa lootsik Making. (Nom. Jap. Tc-chiku.) 

Chimonobambusa marmorea Making. (Nom. Jap. Kwan-chiku.) 

C. qiiadrangvlaris Making. (Nom. Jap. Shikaku-dake.) 
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I. INTEODUCTION. 

^Numerous investigationfl on pollen have been made since the latter 
part of the 18th century, to solve various problems in plant breeding 
or genetics, and to study its physiological characters) In those earlier 
investigations, however, little consideration has been paid to the physico¬ 
chemical characters of pollen, excc])ting by Lloyd (1917), Brikk (1924), 
and some others. Accordingly, precise investigations on the characteristics 
of i>ollen and its germination need to be made from this point of view, 
and the application of the results to |>ractical problems is very important. 

''In artificial culture, which is an important means in the investiga¬ 
tion of pollen problems, numerous methods have been attempted sub¬ 
sequent to the fundamental investigations of Vak Tibghem, (as will be 
seen in the following chapter in detail), but the artificial germina¬ 
tion of pollen in many species of plants still can not be obtained satis¬ 
factorily enough for practical purposes. The pollen of Gramineae, which 
includes many important crop-plants, is one of the group which is diffi¬ 
cult to bring artificially to germination. This is a great technical 
obstacle in the investigation of problems of plant-breeding or genetics in 
the plants of this family.^ 








KAzuo Qimm 




The present autlioi intoudod to do })hysiolo^Ical reseaicli on pollen 
grains in general, and, fiutlier, on tho ««3 of Ciiamincac especially, in 
ordei to get some methods of aitirtcial cnltuio which will be available 
for the piactical pm])oses of pdlen g('miination in the jilant gionp last 
mentioned. 

It is a jileasiuo to acknowledge the invaluable criticism and en¬ 
couragement given to the wiiter dining this investigation by Prof. T. 
Sakamura, under whose suiiervision the woik has been done. To Drs. 
K. Miyake, S. Ito, I. Naaiikawa, K. Kondo, and H. Kihara the 
writer wishes to expiess his sinceie thanks foi the helpful advice, con¬ 
tinuous encouragement, and much couitesy in allowing him the use of 
their libmries. The wiitei is also indebted to Mi. G. Misonoo, Mr. 
B. ISHIDA, and his colleagues foi theii kind help. 


n. Historical Review of the Artificial Germination 
of the Pollen Grain. 

> It can be eaflily understood tliat diffbieiit si)ocjal methods might bo 
desired for the culture of pollen of diflhient j)lant8, because they are 
different in their morphological structuie, size, chemical composition, 
etc. We need to examine all the methods used uj) to date,before the 
beginning of these experiments, esjiecially in an attempt to overcome 
the difficulty of aitificial culture of the jiollen of certain plants, such as 

Gramineae. 

' The fact that the pollen grain of some species can germinate in 
water is found in voK Kohl’s book (1834). SciiLBroEH (1849) stated in 
his book that almost every kind of pollen might germinate in the nectary 
of Crown Imperial, Hoya carmosa, etc., or sometimes merely in a dilute 
solution of honey. Since those earlier discoveries, numerous attempts 
have been made on the germination of pollen grains of several kinds 
of plants with or without positive results. 

We can roughly classify the media used into 6 kinds. 
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1. Pure water. 

2. Sugar solution. 

3. Agar-agar or gelatine medium containing sugar. 

4. Solid or liquid media with some chemicals, enzyme, or a piece 

of plant tissue as a stimulant or supplementary sul)stanco. 

6. Mechanical regulation of the water sujqdy. 

De Mohl (1834) first described the germination of pollen grains 
of some jdants in pure water. Van Tieghem (1869), Ltdforss (1896, 
1899), and Hansgirq (1897) found that a great many kinds of pollen 

could germinate easily in })ure water. This characteristic is vei 7 com- 

/ 

mon in several plants. 

The first rejiort of the ajqdication of a sugar solution for pollen 
germination may be found in Schleiden^s book (1849). Since Elpvinq 
(1879) proposed that sucrose is more suitable for the germination of 
pollen than other kinds of sugar, almost all experiments of this kind 
have been done with a sucrose solution. Elpving (1879) and Molisch 
(1893) determined the optimum concentration of sugar solution for the 
germination of many kinds of pollen, and found that most of them 
could germinate in sugar solutions of a pretty wide range of concentra¬ 
tion. Molisch (1893), however, could not bring the pollen of certain 
plants to germination either in a 1-50sugar solution (with or without 
gelatine), in a glycerin, in a gum solution, or even in pure water. 
Such plants belong to the Compositae, Umbelliferae, Uii:icaceae, Mal¬ 
vaceae, and Ericaceae. Lidforss (1899) used various kinds of sugar, 
with or without the addition of various acids, for the germination of 
Gramineae pollen, but his results were not satisfactory. Burck (1900) 
reported the favorable effect of levulose on Mumimda pollen, and 
Lidforss (1909) recognized the power of a lactose solution to promote 
the germination of pollen of CercLstium hirauium. Martin (1913) found 
different effects on the germination of pollen of the Trifolium species. 

Kny (1881), in his research on the influence of outer factors on the 
growing pollen-tube and the fungus mycelium, chose gelatine medium fait 
the pollen germination in the same way as that first us$d by Bbefeld 
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(1874) for furigUH ciulturc. Agar-agar was ]>roforro(l hy Mangin (1886) 
in order to avoid the sinking of })ollen grains into the culture niediiim 
and their accumulation in a mass. After the a})])lication of those solid 
media, Ki-rriNGiiAUS (1887), using a 1.5% gelatine, and Pfundt (1909), 
and Sasaki (1919), both using al^ agar-agjir,^^ determined the ()])timum 
concentration of sugar solutions for the geniiination of a great many 
kinds of pollen. 

TjIDFoRSS (1909) fouinl a difference in the pollen germination and 
in the suhsequent growtli of the ])()llen-tul )0 in the cases of gelatine 
inedium and agar medium. He succeeded hy using a 30-40^ sucrose- 
agar medium in the culture experiments on the judlen grains of certain 
])lant8,-^ Avhicli had been known as those which do not germinate on 
any other medium than their own stigma. However, JosT (1905) pre¬ 
viously cast some light on this problem of the artificial genuination of 
difficult material by the use of parchment i)a]>cr soaked with a sugar 
solution. LiDFORSb (1909) found that in many cases’’^ the ])ollcn-tube 
germinated on the agjir medium has a stronger vibility than that on the 
gelatine medium. On the contrary, gelatine stimulates the genuination 
of j)ollen and the subse^juent growth of the iK)l]eii-tube in some special 
cases. For instance, the i)ollen of Lymnachia jmnetata generally ger¬ 
minates on a sucrose-gelatine medium (20% sucrose, 2% gelatine) but 
rarely on a sucrose-agar (20% sucrose, 1% agar) medium. 

The i)ollon of IViododcndron indiea, It. arboreim, and Azalea indica, 
which had not boon found to germinate in any artificial media men¬ 
tioned above, but only on its own stigma, was easily brought to ger¬ 
mination by Molisch (1893) with a very dilute solutioiP^ of malic acid 
or calcium malate. Lidfobss (1896) mi)orted good results from using 
a very weak solution of citric acid in the cases of Erica ciliaria and E. 

1) Sasaki used agar-agar medium for the pollen of llordeum aalivumf Orysa aaliva, 

etc. 

2) Jfftriahthus apedogaa^ Myirhia odoratCj Meum athamantimmy Althaea qfflcimlia. 

3) Idltaeeae, Bromeliaeeaef Ruiaceae, 'Fropaeolaceaey Boaaceaey Papavei cuieaey Hydrophyllaceaey 

Scrophulariaeeaey Oeanertaceoey etc. 

4) Good germination was obtained in a 0.01^ solution.^ 
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pediinculuta. Sandsten (1909) found that tomato pollen requires a 
slightly acid medium for its gennination, and Tischler (1910) stated 
that the Bekostigungspollen term given by Muller (1883), can be 
induced to germinate by adding saliva or diastase to the culture. 

The addition of the living stigma or style, or its decoction, to 
the culture medium has been known to promote the germination and 
the further growth of the i)ollen-tube. Above all the most interesting 
fact in this direction is Knowlton’s observation that pollen gi'ains of 
Antirrhinum nwtjua, which wem stored in air of 10-20^C. for 670 days, 
failed to germinate in a j)lain sugar solution, but by the addition of a 
piece of stigma, a germination of 50 i)ercent was secured. Of those 
which were kept in pure oxygen, 10 percent germinated. 

Certain kinds of })ollen were known to need a delicate regulation of 
tlie water supply for their gcraiination. Almost all sj^ecies of Grainineae 
and Trijolium pratenae belong in this class. For the gennination of these 
kinds, of pollen special attempts were made, such as to regulate the 
water supply in a mechanical way. Just (1905) occasionally found that 
only the pollen grains with stood outside of the culture drop on a cover 
glass and were kept merely in a moist condition came to gennination. 
He tried to use the lower surface of leaves of Lymnanthemum nymphaeoidea 
and Ilydrocharia^^ in the living condition with good results for Dactylia 
j)ollen germination. Again, even both sides of the boiled leaf of Lymnan- 
themum and the lower surface of the boiled leaf of Menianthea could 
servo satisfactorily for the germination of Dactylia i)ollen. Dactylia pollen 
germinated very well on parchment paper which was properly dried in 
the air after soaking with puiu water, or which received suitable moisture 
by being floated on i)ure water. The same material soaked with a sugar 
solution®^ gave a rather good germination of Compositae pollen. 

Parchment paj)er and hog bladder were used by Martin (1913) 
for his study on j)ollen germination in Trijolium pratenae. The former 

5) Sasaki (1919) trifed leaves of the same kinds of water plants without any positive 
result, 

6) JosT said that no remarkable difference could be found among sucrose, maltose, dex¬ 
trose, and levulose. 
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(lid not bririj^ any <i;<)od results. Maktin found tliat j^ood oemiination 
was obtained on the latter lueinbrane, which was soaked with a sucrose 
or a levulose solution and thou properly dried. The iiiembrane soaked 
with distilled water gave as good nssults as tluit witli a suger solution. 
He could not, however, obtain uniformly got)d results, either in every 
set of experiments, or in dilFereut parts of one trial. 

Anthony and FIarlan (1920) sccumd the germination of barley 
pollen both with meso})hyll tissue from green leaves and with a free 
drop of water as the source of moisture. The important diflierence of 
that techiii(}ue from other methods was tliat tlic cliamber of germination 
was l(K)Sc]y closed and that after the ])rcparation tlie slide glass was 
placed on the outside ledge of the window. 

Itakura (1922) covered one end of yas TiEaHKM\s cell with liog 
bladder and fixed it with the other cud on a slide glass, filling it with 
a sucrose solution. He got a somewhat good germination in the case of 
the pollen of some cereals. 

After reviewing these artificial culture media and tochni(}ues in 
detail, it may be said that the most suitalile methods for the general 
purpose of pollen germination are hanging droj) cultures with sugar 
solutions with or without agar or gelatine, and that no sort of artificial 
medium as nearly satisfactory as stigma is made for the germination of 
pollen, which re(juires a remarkably delicate regulation of the water 
supply. 

In the present i)ai)er two methods were used for general investiga¬ 
tion. The one (culture method I) was the so-called ^Oianging drop 
culture The glass rings employed were ])erfect]y grouml at each end and 
measured 18.0 mm. in diameter and 12.0 mm. in height. A glass ring 
was mounted on a slide glass, and fixed with paraffin. The top of the 
ring was then coated with a thin layer of vaseline, an<l the cover glass 
bearing the culture droj) was so inverted over the cells as to make a 
hanging drop. A drop of cultum solution was transferred to the cover 
glass by means of a clean glass rod dmwn to a siQ^l^>oint. A few 
drops of the same solution as tliat to be^-^nsetT for the culture were 
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placed on the bottom of the cell, in order to establish a complete 
equilibrium of vapor pressure in the cell and to prevent changes in the 
concentration of the culture drop. The transfer of the pollen to the 
culture drop was accomplished with the j)oint of a needle. 

The other media used wore j)repared of sugar-agar or sugar-gelatine. 
These media were melted in a water bath and j)oured into a potri dish 
measuring 36 mm. in diameter and 18 mm. in depth. It was uncovered 
until the medium become cool, in order to prevent condensation of 
suj)erfluous water viij)or on the surface of the medium (culture method 
II). 

All of the pollen grains in the culture drop wem counted at the 
start of the culture, and the jx^rcentages of germination and bursting 
wore calculated at definite intervals. In the case of solid medium 
cultures, pollen counts were made in five different microscopical fields of 
one culture, and the average percentage of germination was recorded. 

The determination of the pH value of every culture solution and 
medium was made either electrometrically or by means of Clakk and 
Lubs^ indicators. 

Only glasses which had been tested to be i)ractically alkali-free hard 
glass were used for this work. The method of this test is as follows: 
Take some most can^fully doublcHlistilled water (pH 6.9-7,1 by driving 
off COu) in a previously tested hard glass beaker and add some drops 
of phenol red. Glasses to be tested are i)ut in water thus prepared 
and left for a few minutes in it. We can easily find out by the color 
change whether any alkaline substance is dissolved out or not. Boiling 
is better for finding out such a difference in quality of glass. 

m. The Influence of the Quality of the Olaas on 
Pollen Germination. 

It is a well knpwn fact that alkali easily dissolves out of ordinary 
glass, and even before an accurate method for the determination of the 
hyihogen-ion concentration was devised, alkalinity in a certain degree 
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was cousidored to ])]ay an iinportaiit rolo in several ])liysiolojjjical jdieiio- 
inena. From the foregioiij^ chapter we can recognize tluit in all methods 
for j)ollon gennination, except a few of those in class 5, media wci*e 
used which came in touch with glassware once at least. Nevertheless, 
no attention liad been j)aid to the quality of the cover glasses, slide 
glasses, or dishes, etc. which were used in the artificial cultures of ]>ollen 
grain until my preliminary i)a])er (1924) on this subject was j)ublished. 
Accepting the writer’s advice in that pa])er, Yasuda (1927a, b, and 
1928) and Yasuda and Arai (1927) used T^eitz’s hard cover glass for 
their germination exi)eriments of the pollen of Petunia violacea. 

Because this methodical ]>i*ecaution as to glassware is very imj)ort- 
ant in the investigation on pollen gennination and as the ])revious 
pai>er was published in the Jai)ancbe language, it will be again describ¬ 
ed here in detail. 

The pollen which germinated readily in ])ure water is suitable 
material for experiments with dilute solutions, because the regulation of 
the osmotic value of the culture solutions can bo neglected. liiDFoKSS 
(1896) investigated widely the susce])tibility of seveml plant pollens to 
water. In order to find out such pollen as just mentioned, the follow¬ 
ing cxi)eriment was made. 


EXPERIMENT I. 

In this ex})eriment a drop of double-distilled water,which was 
large enough not to dry '^out in a few hours, was placed on a slide 
glass, and then the pollen grains of various plants were sus])ended in 
it directly from anthers. The slide glass was placed on a table in the 
laboratory and covered with a petri dish. After a few hours the 
germination and, at the same time, the bursting of the i)ollon gi-ains 
were observed under the micro8coj)e. The results are shown in Table I. 

7) The double distilled water was very carefully prepared by the distillator designed by 
Prof. Sakamura. Its pH value, tlriving out (X),> gas, was determind as 6.7-7.2 by 
means of the indicator phenol red and broni thymol blue. 
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TABLE I. 

Amaryllis hj). — 

Antirrhinum nuijus Jj. — 

Begonia hj). -H 

Bassica campesiris Ij. — 

Cannabis saliva Ij. -f 

Chacnomeles cardinalis Nakai. 4 - -f -h 

Olivia nobilis I.indl. -f 

Caialpa bignonioides Walt. + -f 4 - 

Corylus rostraia, Ait. var. Sieboldiana Maxim. 4 - 4 - 

. Digitalis purprea Ti. 4 - 

Hamamelis Ja 2 )onica Sieb et Zucc. — 

impatiens Bolsamina 1^. -I- 

Iris tectorum Maxim. x 

Linum nsitaJtissimum L. x 

Lupinus perennis L. 4 . ^ 

Lyaiohiton camtschatense Schott. 4 . 4 . 4 - + 

Pelargonium zonalle Willd. x 

Paeonia albijhra Blumo. + 4 - 4 - 

Jthododendron dahunoum Jj. + + + 

Jiumex Aoetosella L. 4 . 4 - 

Salix rorida Ij^ickschewitz. 4 - 

Spinacia oleracca Ji. ’ — 

Tea japonica L. var. spontanea Makino. + + + 

Tradcscantia virginica Jj, 4 - 4 - 

Trillium kamtschaticim Pall. — 

Dropaeolum majus L. — 

-f Corresponds to 25^ germination. 

— No germination. 

X Bursting. 

Germinfttion experiments with the pollen of Lyakhiion, Paeonia, etc. 
in solutions of sucrose, glucose, find dilute solutions of various salts 
were made, of which the first oue showed good results. The other 
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results were very irregular, especially with the ])olleu of Lupinus and 
Impaiicns only a small j)erccntjigc of genuination was obtained. What 
diflference of the condition of the culture can be considered to bo the 
cause of such different results? 

The probalile causc'-s of the condition may be : 

1. A hanging drop or a culture droj) resting on the slide glass. 

2. The culture in the open air or enclosed in a moist chamber. 

3. The (jimlity of the cover glass and slide glass. 

In order to determine which of these conditions may ])lay the main 
r6le, the next experiment was carried out. 


EXPERIMENT II. 

The rat(^ of germination of 2><>1 I^'Ia grains of Iiinp(Jiivm Balmmina 
cultured in doul)]c-distilled water on diderent kinds of glass was observ¬ 
ed in this ox])eriment. Results are shown in Table IT. 


TABI.E II. 


. Kiiul uf 

'■ -gljiss 
^[etliod 

Slide glass 
(green tint) 

Sli<U‘. glass 
(colorless) 

Cover glass 
^ (r^eitz’s) 

1 Cover glass 

; (-T)* 

1 

The water drop was 
placed on gloss. 

( open) 

# 

- 

m 

- 

Hanging-drop culture 
(closed) 

ff 

- 

It 

- 

Hanging-drop culture 
(open) 


- 

It 

- 


* Trade mark. 


According to these results, it is very chmr that conditions 1 and 2 
have little to do with germination and that the third one is the im 2 )ort- 
ant one in this relation. That is to say, ^the diffemnee of the quality 
of glass can bring about a very striking difference in the results.'^ 
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In order to toHt the quality of the glasses, equal amounts of double- 
distilled water were taken in 4 non-alkaline glass beakers, and drops of 
the indicator (j)henol red solution) were added to it until the water was 
colored slightly. Double-distilled water showed a light yellow tint, when 
j>honol red was added, because its ])H value was about 5.3, which was 
caused by a small amount of dissolved carbonic acid. After so 2 )aratoly 
dil)j)ing the 4 kinds of glasses, above mentioned in Table II, in the colored 
water, the change of color was observed. In the case of the colorless 
slide glass and the cover glass ( T ), the color of a thin layer of the 
water on the surface of the glasses soon changed to light i)iuk even 
when the water was not boiled. On the other hand, in the cases of 
of the remaining two kinds of glasses no change of color could be 
observed even after a long while. Thougli they were boiled in watm* 
for a time sufficient to drive away CO^ gas, the color of the indicator 
remained the Siime as that of the control water in which no glass was 
immersed. This showed clearly that at least no alkaline substance was 
dissolved out of these two kinds of glasses. When an alkaline cover 
glass was floated on the water containing the indicator, the diffusion of 
the dissolving alkaline substance from the lower surface of the glass 
towards the bottom of the beaker could 1)0 observo<l, because the j)ink 
color shows its traces. According to them', observations, when an alkaline 
cover glass is used the accumulation of an amount of alkaline substance, 
which is enough to cause a ])retty high actual alkalinity, may be ex¬ 
pected in a short time. 

Therefore ^tho diflerent results'of the above exi)orimcnt (Table 11) 
/were due to the influence of alkaline substance dissolved out of the 
glass.^ 


EXPERIMENT III. 

Comi)arative exi)eriments on the influence of the quality of the cover 
glasses have been made with two kinds of glass. 

In ctise A, non-alkaline cover glasses were used which were prepared 
from thin slide glasses tested as non-alkaJine by the above described 
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method. In case B, ordinary commercial cover glasses with the trade 
mark qF> which had been tested as alkaline, wem used. For the 
material, pollen grains of Lysiehiton ccuntschatcnse were used. They wc^re 
cultured in glucose solutions of various concentrations by means of 
hanging-droj) cultures. Kesults are shown in Tables III (cultured at 22°- 
2JW.) and IV (cultured at 17°-22^C.). 


TABLE III. (See Fig. 1) 


Cone, of Glucose 


i.oo' 

0.75! 

1 

0.50 

0.25 

0.10 

0.05 

0.01 

0.005 

0.0005 

0.00005 

0.00 

pH value of sol. 


4.94 

;5.„ 

5.11 

5.18 

5.80 

6.13 

5.11 

6.49 

5.37 

5.37 

5.87 

Percentage of germi¬ 

A 

0 

0 

! 0 

01 

73 

00 

60 

73 

74 

73 

04 

nation 

J1 

0 

5 

22 


60 

5 

73 

07 

68 

60 

57 


♦) Olwervation woh impossible, the hanging-<lrop being broken. 


Fig. 1. (Table III) 
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TABLE IV. (See Fig. 2) 


Cone, of glucose 


1.00 

0.75 

0.50 

0.25 

0.10 

0.05 

0.01 

0.005 

0.0005 

0.00005 

0.00 

pH value of sol. 


4.85 

5.00 

5.20 

5.21 

5.55 

4.85 

5.57 

5.30 

5.40 

6.30 

5.30 

Percentage of germi¬ 

A 

0 

0 

0 

3!) 

62 

29 

73 

71 

80 

76 

55 

nation 

B 

0 

0 

0 

44 

V 

62 

38 

25 

65 

14 

22 


*) Observation was impossible, the hanging-drop being broken. 


It has been found that the variation of the pH value of glucose 
solutions of various concentrations, which is shown in Tables HI and 
IV, was due to alkaline substances dissolved out of a pipette, when 
solutions were under 2 >^’ci>amtion, because the author used a common glass 
pipette^^ at that time. The factors which caused the remarkably low j)H 



5.0 

5.4 


eS 

5.2 ^ 


5.0 


4.8 


o 

7 

c 

fH 

7 

o 

7 

o 

99 

1 

© 

M 

1 

© 

Vf 

1 

© 

1 

© 

« 

1 

© 

X 

X 

X 

X 


X 

X 

X 

X 


q 

to 

© 

to 

r-4 

to 

to 

to 


to 

(M 

r-i 

Concentration of glucose (mol) 



o 

o 


Germination-Bursting .pH value 


8) That alkaline substance is dissolved out of such a pipette (10 oc.) can be ^ily 
demonstrated by using the pTI indicator methyl-red. The first five cc. of the solu¬ 
tion, shows a smaller pH value than the last five cc. 
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value of the 0.05 mol solution are not clearly known, hut such higher 
acidity might he caused hy a tmce of impurity in the sugar and the 
frequency employment of a pi]>ette during tlie dilution of the solutions. 
Anyhow, these tables show that hesides the influence of the concentra¬ 
tion of sugar, i.e., the osmotic pressure, the pH value of the solution 
has an intimate relation to the germination of ])ollen gmins^ In case 
B, when soft cover glass was used, results were irregular, independ¬ 
ent of the concentration of the glucose solution and of its initial 
value, while in case A pretty regular msults were obtained. In Table 
III a better germination of ])ollen grain can be seen in the higher 
concentrations of the glucose solution in case B than in case A. In the 
culture of the 0.75 and the 0.50 mol solutions, in case B the ])ollen 
grains germinated, while no germination occurred in these concentrations 
in case A. That these irregularities in results may not bo due to the 
osmotic relation, but mainly to the alkaline substance dissolved out of 
the cover glass, is to be seen in the concentration of 0.01 mol in Table 
III and of 0.25 and 0.05 mol in Table IV. When the ])IT value was 
mlatively small, the percentage of gennination in case B often surpassed 
that in case A. By the dissolved alkaline substance the initial pH 
values of the sugar solutions in those cultures were probably altered to that 
corresj)Oiiding to the hydrogen-ion concentrations more suitable for the 
gei-mination of pollen. It is a difficult matter to determine such changes 
of the hydrogen-ion concentration in the drop culture. Therefore, atten¬ 
tion must always be paid to the quality of glassware when using sugar 
solutions or single salts solutions which have a very weak buflbr action. 


IV. The Morphological Character of Pollen grains. 

A few points concerning the structure of pollen gi-ains which relate 
to germination have been observed. 

The wall of a pollen gi’ain is constructed out of two layers, the 
external cutinized layer and the internal layer. The former is broken 
at the germ-pore. MAJiJam (1889) called them exine aud intino res- 
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I^ectively, and found that the outer side of the latter layer consists 
of cellulose associated with some pectic substance, callose although 
Strasburger (1882) did not succeed in distinguishing the intine. 
Biourge (1892), confirming Hangings results, found that the germina- 
tion begins with an evagination of the intine. The present author has 
also made micro-chemical researches with the pollen grain, and found that 
intine ” consists of pectic substance. 

The inner structure of the pollen grain has, as far as the writer is 
aware, not yet been studied. For the purpose of this study, young 
pollen gmiii is more suitable than ripe grt^in, because the latter has 
well defined pollen membranes and abundant reservci materials, making 
the observation of the inner structure very difficult. Therefoiu, in the 
present investigation the fonner was used. ^Pollen grains were taken on ' 
a dry slide glass dimctly from anthers at the instant of their dehiscence 
and their apiKjarance of turgidity was quickly observed.' Eesults are, 
shown in Table V. 


TABLE V. 


Name of plant 

Total volume of 
vacuoles in pollen 
grain 

Appearance of turgidity of wllen 
grains at the time of the 
dehiscence of anthers 

Avena saliva 

-H-i) 

-2) 

' Cannabis saliva 


- 

Digitalis purpurea 

•H- 

+2) 

Impatiens Balsamina 

H-i) 

"f 

Oenothera Ixmarckiana 

-H- 

+ 

Oryza satim 

■If 

- 

Seeale cereale 

ff 

- 

TradesearUia virginioa 

-If 



1) -H- volume of vacuoles in pollen grain is larger than a half of pollen grain. 

+ volume of vacuoles in pollen grain Is smaller than a half of pollen grain. 

pollen grain shrinks remarkably. 

+ pollen grain shrinks to some degree. 

— no shrinkage. 
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TABLE V. —( Continued) 


Name of plant 


Tri/olium pratense 


Total volume »-f 
vacuoles in pollen 
grain 


Appacrance of turgidity ofp> 
grains at the time of tlie 
dehiscence of anthers. 






lien 


Triticum vulgare 


-h- 


Tropaeolum majutt 




Zea Maya 


-H- 


Every pollen grain observed in the experiment has vacuoles in its 
young stage. The appeanince of turgidity of the pollen grain at the 
time of the dehiscence of the anthers is very different acconling to the 
kind of plant. Gramineae pollen has no shrinkage and that of Tmdea- 
cantia virginica shows very remarkable shrinkage which decreases the 
volume of the pollen grain to ^ its volume in the state of turgescence. 


V. The Artihdal Germination of the Pollen Grain and the 
Growth of the Follen>tube, with special 
Reference to their Bursting. 

/. Relation to Osmotic pressure and Hydrogendon concentration, 

^Since the discovery of the artificial germination of pollen grain was 
made, many investigators have attempted to cultivate the iiollen of 
various plants artificially. They have faced a source of no little an¬ 
noyance, especially in the case of Gramineae pollen. That is the burst¬ 
ing of the pollen gmin and the pollen tube. In the case of many kinds 
of pollen, the perplexity of the bursting has been overcome by the 
regulation of the concentrations of the sugar solutions. Molisch (1893), 
Ppundt (1910), Sasaki (1919), and others have described how pollen 
of a great many species germinates readily in sugar solutions varying 
widely in concentration. For instance, pollen grains of LUium martagon 
and ^pipacUs loiijolia germinate in solutions containing 1 to 60 percent 
sugar (Molisch, 1893) and those of Cmnellia japonioa and Hyadnilms 
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orientalis in sucrose solutions ranging from 0 to 1.6 mol (Tokugawa, 
1914). 

Van Tieghem (1869) found that the pollen of Ricinus communis, 
which does not burst in j)ure water, bursts in a thick solution of gum 
arabic. He concluded, ‘<Ce fait montre que ^explication ordinaire do 
la ruputre, basfe sur Pirruption violente du liquide externe due a sa 
densite relative, ne s^appliquo pas a tons les cas Analogoas observa¬ 
tions which were made in Primula acauUs by Correns (1889) convinced 
him that the bursting of the pollen-tube is independent of the concentra¬ 
tion of the culture solution. Lidpobss (1896) observed similar facts in 
many ^plants. For instance, the pollen of Aescfidus Pavia genninates 
very well in distilled water, but almost all bursts in a 30 percent 
sucrose solution. He considered from these facts that the change in 
giwth or the elasticity' of the intine has some certain r6Ie not to bo 
overlooked. These evidences make the phenomena difficult to explain 
by the osmotic relation. 

Lloyd (1911) worked on the behavior of tannin in i)er8immon8, 
and alleged that the bursting of certain kinds of cells (tannin-idio-plast, 
t-aphide-cells, etc.) placed in solutions of crystalloids, glycerol, etc. of 
higher concentrations than those of the cells themselves, could not be 
due to the osmotic pressure, but to the imbibition of water by cellular 
emulsoids. And again he explained in his work (1917) that the total 
outwardly direct pressure playing against the cell wall must bo the 
combined effect of osmotic pressure and that of imbibition, and that 
when the musilages are highly dispersed, the pressure will be correspond¬ 
ingly low, osmotic pressure may be the dominant factor. A like con¬ 
clusion has been reached by Knowlton (1922) from his germination 
experiments with corn and snapdragon pollen. The fact that when a 
definite concentration of sugar is necessary, any departure from it results 
in failure to germinate or in abnormal germination, made him conculude 
that pas the water content of com pollen is high, it is probable that 
osmotic pressure plays an important part, both in the swelling of the 
grain and in its subsequent growth/j) On the other hand, in the case 
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of Antirrhinum pollen the water content is low and the pollen g<n*minates 
in almost any concentration of sugar. Therefore Kiiowlton says that 
Imbihition is probably more im 2 )ortant here than is osmosis 

In the writer^s cx 2 )erimeut 8 , })ol]en of Lysichiton camtschatense ger¬ 
minates well in glucose solutions ranging from 0 to 0.25 mol (Tables 
III and IV). In these tables we can find uncxx^ected differences of the 
j)H values of the sugar solutions. The germination curves show a 
certain fall at the concentmtion of 0.05 mol remarkably paralleled with 
the pH curves. A similar falling has been reported by Knowlton 
(1922) in the germination of Antirrhinum and a^^ido pollen with sucrose 
solutions (see his Tables 2 and 5), though he did not i)ay any attention 
to the point mentioned above. The ])resent writer cannot say surely 
that the causes of the })henomeiion observed by Knowlton is the same 
as that of his own. However, it is 2 >i’obal)lo that even in the i)uro 
sugar solution i>he gemination of pollen is influenced by some other 
jiowerful factors besides the concentration. As one of them wo can 
consider the hydrogen-ion concentration of the culture solution. Here 
we must take separately into account each factor which influences the 
2 )ollen gemination. It is, however, absolutely impossible to study these 
ix^lated factors all together at the same time in one solution. Therefore 
it is necessary to investigate at first one limited facti*r by kee])ing the 
others constant. 

The hydrogen-ion concentration was mcognized at first by the bio¬ 
chemist as one of the most imjmrhint factors in feniient investigation 
and biocolloidal chemistry. For investigation in plant j)hysiology, too, 
there is no doubt that this factor plays a very important r6le. In the 
investigation on the physiology of pollen, however, only a little atten¬ 
tion has been paid in this direction. Only one article, as far as the 
author is aware, has been published. It is by Bbikk on the germination 
of the pollen of Lailiyrua odoratus (1926). 
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EXPEBIMENT IV. 

In the following experiment, the relation between the bursting as 
well as the germination of the pollen of and the hydrogen- 

ion concentration of the cnltiue solution was studied. It was done by 
hanging-drop cultures at room temperature, 11.5'’-17''C. For the culture 
solutions S0bensen’s phosphate buffer mixture (M/50) was used. Results 
are shown in Table VI. 


TABLE VI. (See Fig. 3) 


pH value of sol. 

6.35 

5.60 

6M 

6.25 

6.47 

6.64 

6.85 

7.25 

7.45 


146 

123 

219 

84 

147 

172 

120 

187 

^ 204 

Number of pollen grains 

101 

56 

114 

77 

110 

94 

118 

74 

65 


120 

75 

63 

52 

113 

104 

100 

55 

65 

Mean 

122 

84 

132 

71 




105 

108 


03.2 

06.1 

96.3 

95.3 

88.8 

90.4 

84.1 


8.3 

Percentage of bursting 

95.0 

9U 

83.6 

84.4 


39.4 

14.4 




80.8 

88.0 

93.6 

80.8 

46.1 

79.8 

26.0 


12.3 

Mean 

89.7 

91.4 

91.2 

86.8 

69.2 

€9.9 

41.5 

46.7 

6.9 


2.8 

3.4 

2.2 

3.8 

6.3 

7.8 

■a 

0.6 

41.8 

Percentage of germination 


■ 

7.7 

1 

6Ji 

34.5 

50.0 

542 

5.4 

18.2 


8J5 

0 

0 

6.8 

48.7 

11J5 

22.0 

1.8 

6.2 

Mean 

2.0 

1.1 

3.3 

5.4 

29.8 

28.1 

27.9 

3.6 

22.1 


Fiom Table VI we can find that yerjr many pollen grains burst 
in the solutions from pH 7.25 to 5.3£|. Between pH 6.47 and 6.85 
the percentage of bursting shows a slight grease, and a remailcable 
decrease at pH 7.46. The germination Ql^Tfe, showing a clear contrast 
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to the bursting curve, at pH 6.47, 6.85, and 7.46 has a larger magni¬ 
tude. 

Although the pollen of Lysichiton camtschaiense easily germinates in 
distilled water (see Tables III and IV), much bursting occurred in the 
buftbr solution of M/50. Of course, this must be due mainly to the 
influence of the hydrogen-ion concentration. 

In order that the turgescence of the pollen grain or the pollen-tube 
in a solution may be sustained in an equilibrium, the resistance jwwer 
of the membrane (wall pressure) (P^), esj)ecially at the germ-pore, and 
the turgor pressure of the i)ollen grain must be numerically equal. The 
turgor pressure is created by the total outward pressiu-e of the pollen 
grain due to the difference of the osmotic value of the osmotically active 
contents in it (P„) and that of the outer solution (P*) and the imbibi¬ 
tion (i.e., swelling) power of the colloidal contents, including protoplasm 
(P^). This relation in the equilibrium can be expressed by the following 
formula : 

P,=KP,-P,)+P, .(1) 

The resistance of the membrane against the inner pressure, especially 
of the intine at the germ-pore, is limited within a certain degree. When 
the pollen grain is immersed in a strong hypotonic solution, the turgor 
pressure overcomes the resistance of the inti no and the jdasma membrane 
at the germ-pore and the brnsting of the i)ollen gmin takes place. P^ 
and P^ can be taken as e(jual (isotonic) by the regulation of P^, the 
concentration of the culture solution. Then 

.( 2 ) 

In this condition, i.e., in the isotonic solution, the relation between 
the resistance of the membrane and the imbibition j>ower of the colloidal 
substances, mainly protoplasm, may play the main r5le in bursting. 
Therefore the disturbance of the equilibriimi between the turgor and the 
resistance power of the membrane, including the exine, the intine, and 
the plasma membranes, is caused mainly either by the remarkable change 
of the turgor pressure of osmotic nature or by the cliahge of the colloidal 
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clianictors of the plasma colloid and of the memljranes at the germ-pore. 
As mentioned in the chapter on the morphological character of j)olleri 
grains, they have a small content of plasma, but j)retty large vacuoles, 
and the degree of the shrinkage on the wall of pollen grains varies with 
the kind of plant. Therefore P,., in such a case, may be almost negli¬ 
gible in tlie eijuation (1). In the case of (P„ —P^) being constant, the 
variation of the rate of the bursting of pollen grains depends mainly 
on the change of the nature of the j)rotoj>]asm and the membrane at 
the germ-pore, which may be caused by several factors. As one of them, 
the hydrogen-ion concentration must not be overlooked. 


EXPERIMENT V. 

In this experiment the influence of the hydrogen-ion concentration 
on the germination and the bursting of pollen grains, by regulating the 
concentration of added glucose, was studied. Material and buffer solu¬ 
tions are the same as in Experiment IV. The experiment was done at 
r(X)m temj)eraturc. 

A. Material : Pollen grains of Lysichiton camtscliateme. 

Culture solution : M/50 Sorensen’s phosphate mixture + 3/10 
mol glucose. 

Results are shown in Table VII. 

B. Material : The same as in A. 

Culture solution : M/50 SOrensen’s phosphate mixture -p 3.5/10 
mol glucose. 

Results are shown in Table VIII. 

C. Material; The same as in A. 

Culture solution : M/50 SOrenseS^S phosphate mixture 4- 4/10 
mol glucose. 

Results are shown in Table IX. ' 
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TABLP: VIL (See Fig. 3) 


pH value of sol. 


4.7 

6.0 

6..S 

6.9 

6.5 

7.0 


A 

201 

1S8 

171 

162 

120 

178 

Number of pollen grains 

B 

99 

202 

80 

103 

111 

140 


Mean 

160 

195 

126 

1.32 

115 

159 


A 

78.6 

68.6 

88.9 

59.3 

5.8 

0 

Percentage of bursting 

B 

81.8 

70.8 1 

95.0 

68.0 

14.4 

1.4 


Mean 

80.2 

69.7 

92.0 

63.7 

10.1 

0.7 


A 

8.5 

9.0 

6.3 

241 

77.5 

83.7 

Percentage of germination 

B 

10.1 

2.8.8 

2.6 

29.1 

75.7 

93.6 


^lean 

9.8 

16.9 

1 

3.9 

1 

26.6 

76.6 

88.7 


TABLE VIII. (See Fig. 3) 


pH value of sol. 


4.7 

5.0 j 

5.3 

5.9 

6.5 

7.0 

7.4 1 

i 

8.1 


A 

187 

122 

192 

124 

162 

161 

136 

164 

Number of pollen grains 

B 

217 

111 

116 

95 

180 

128 

126 

146 


Mean 

202 1 

1 116 

154 

109 

1 

139 

191 

1 

149 


A 

i ^ 

. 13.9 

24.0 

13.7 

0 

4.0 

0 

0 

Percentage of bursting 

B 

0 

0.9 

12.9 

14.7 

0.6 

0 

0 

0 


Mean 

0 

7.4 

18.5 

14.2 

0.3 

2.0 

0 

0 


A 

0.5 

1.3.9 

17.2 

58.1 

74.7 

67.6 

33.8 

5.8 

Percentage of germination 

B 

0 

5.4 

4.3 

46.3 

80.6 

18.8 

6.6 

0 


Mean 

0.3 

9.7 

10.8 

52.2 

77.7 

38.2 

19.7 

2.9 
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TABLE IX. (See Fig. 3) 


pH Value of sol. 


4.7 

6.0 

1 6.3 

6.9 

6.6 

7.0 

7.4 1 8.1 


A 

144 

201 

172 

121 

105 

117 

319 

127 

Number of pollen grains 

B 

123 

ia3 

118 

134 

109 

132 

93 

365 


Mean 

13^1 

152 

146 

127 

107 

124 

106 

146 


1 

A 

0 

3.6 

4.7 

6.8 

0 

0 

0 

0 

Percentage of bursting 

B 

0 

1.9 

0 

_1 

0 

0 

0 

0 

0 


Mean 

0 

2.7 

2.4 

2.9 

0 

0 

0 

0 


A 

0.7 

23.4 

29.7 

33.1 

47.6 

20.9 

6.7 

0 

Percentage of germination 

B 

4.0 

6.8 

6.9 

26.9 

16.6 

6.8 

4.3 

0 


Mean 

2.8 

146 

7.8 

30.0 

32.1 

18.4 

5.5 

0 


Fig. 3. (Tables VI-IV) 



-Germination —-Bursting 

• Table VI @ Table VII ^ Table ’.VUI X Table IX 
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EXPERIMENT VI. 

Ihe tinio relation of the ji^oriuinatiou and the bursting of pollen 
grainfl is observed in this cxiH3rinient. Tlu^ culture solution and the 
material an^ just the Siiine as those of Exjxiriment V-B. The cultures 
were done at 9-10'C. Results are seen in Table X. 


TABLE X. (See Fig. 4) 


pH value of sol. 

4.7 

1 

5.0 j 

5.3 

5.9 

6.5 

7.9 

7.4 

8.1 

Number of pollen grains 

73 

1 

92 ! 

80 

! 

70 

56 

76 

62 

38 


3 

Percentage of 
bursting 

0 

4.5 

15.0 

14.0 

1.9 

0 

0 

0 

Time of 

culture 
(in hours) 


Percentage of 
germination 

1 

1 0 

7.1 

11.6 

32.8 

57.2 

36.7 

7.0 

0 

6 

Percentage of 
bursting 

0 

26.5 

47.7 

21.4 

8.4 

6.1 

0 

0 


Percentage of 
germination 

0 

20.9 

17.9 

46.1 

78.7 

78.5 

72.1 

27.6 


In these tables it is noted that when the osmotic value of the 
culture solution increases, the percentage of the bursting of the pollen 
decreases and that of tlio germination of the j>ollen grains increases, 
whilst beyond a certain concentration of the culture solution they de¬ 
crease. The maximum bursting takes ])lace in the cultures of [)H 5.0- 
6.9. The optimum pH for the germination varies from 7.0 to 6.5. These 
two zones coincide with the zone whicn show the largest amount of 
bursting and that which shows a fall in the bmsting curve and inaximuiu 
germination in Table VI. Table VII shows that when a slight amount 
of bursting occurs, the optimum zone of germination of LyeidiUon ]LK)llen 
can bo seen at pH'' 5.9-6.5 From these facts it might i)ossible to 
suggest that even in the case of pollen which has neither a well defined 
nor a pretty narrow range of optimum concentrations of sugar for 
germination, the bursting of the i)ollen can be remarkably controlled by 
the increase of sugar in the culture solution. Even in the above men- 
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_I_I_1_I_I---Hm-I_I I 

5.0 6.6 «.0 6.5 7.0 7.6 8.0 

pH value 


tn __ttlr» > 4 iVm* Q VifvtvvHi ^Z\ \ t\iit d Iv. 


tioned case, the osmotic i)ressure initst be one of the main factors in the 
in the bursting of the poJIen. That the ])o]len, which germinates in a 
well defined optimum concentration of tlie medium, bursts due to osmosis 
is a well known fact. Therefore, osmosis must be considered one of the 
main factors in the germination and the bursting of every kind of 
pollen. On the other hand, we must consider the elasticity of several 
kinds of membranes, especially intine. Many kinds of pollen are able 
to germinate in a wide range of concentrations of sugar solution. This 
fact shows that the mechanism of pollen germination depends not only 
on osmosis, but on the character of the protoplasm and the membranes. 
If the elasticity of the membranes of the pollen and the consistency of 
the cytoplasm are included in our consideration, it is very clear that the 
wall pressure (P^) is enough to fill up the difference of —Pj (equation 
1) within the limit of resistance of the membranes. 

Therefore the width of the range of the concentration of the sugar 
solution suitable for the germination of pollen depends on the nature of 
the membranes and plasma colloid. That is to say, the pollen which 
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lias very delicate ineiiibmueH sliows a clear cut osmotic relation and 
needs a delicate ro^nilation of tlie water snpiily, while that wliich lias 
the Htronser luemhranes will not easily hnrst and },wininato in a wider 
ranso of concentrations of sugar solution. W course, a moderate Hnnuess 
of the membranes and a suitivble balance between the inner jirossure 
and the wall resistance in the pollen arc necessary conditions for its 
j^ermiiiatioii. llui coiiHistouco of tlic inenibraiioH, osjMicially tlio liitiiio 
and tho ])lasma inombraue, will Im cli{ing(»,aI)lo. in various jdl values or 
in the ])rcscnce of otlicr kinds of ions, and is indojuaident of the osmotic 
pressure of the cultim^ solution. The weaker tlu^ resistaucci of the 
inemhranes, the num^ hurstiiij^ occurs. Therefore} tluj pH value of the 
maximum bursting is constant (Table VII-IX). 

That the acidity and the alkalinity of the solution have great 
influence on such chameters as the swelling or the viscosity of the 
colloidal substances or the rate absorption of water, etc. is a well known 
fact. 

Lloyd (1917) studied tlie colloidal ])roperties of ])iotoj)lasm in the 
I)ollen-tubes of Txdhyms odoratus. By increasing the (piantity of various 
acids in a 20 percent sucrose', solution he did not succeed in accelerating 
the rate of growth of the ])ollen-tubes. But only when acetic acid was 
used, combined with 40 ])erccnt sucrose}—this concentration of sugar 
used as the control—an incmase of the rat(} of growth took ])lace in 
the acid of concentrations of N/25600 uj) to N/IGOO, the maximum 
growth being in N/3200. Bursting occured also in N/1600. A clearly 
analogous effect of alkalis was found in a 20^ sugar solution. The rate 
of growth incmased at the concentmtions N/800 to N/12800. Comparing 
these results with the exiKjrimonts with gelatine, LrA)YD concluded that 
the living protoplasm, as such, behaves towards acids and alkalis in a 
mariner sufficiently like that of gelatine to warmnt the view that imbibi¬ 
tion is a factor in growth. 

Robbiks (1923) worked on the iso-electric jwint with i)otato tuber, 
and found tluit the absorption of water is influenced by the hydrogen- 
ion concentration of the surrounding solution, as is the case of other 
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colloidal substances. CoHN, Gross, and Johnson (1920), and Pearsall 
and Ewing (1924) have determined the iso-electric point of the protein 
of press-juice of various plants. As iso-electric |)oint8 they determined 
the pH values which are situated between 4.0 and 6.0. 

Sakamura and IjOO (1925) found a two- or more- maximum curve 
in their experiments on the di8j)Iacement of the chromatophores of Spim- 
gyra by treatment with centrifugal force. In these exi)eriments they 
centrifuged the material treated in buftfer solutions and determined the 
softness of the protoplasm. In acidic zones about pH 4.9-5.3, 6.4, and 
7.5-7.6 hardening of protoplasm occurred, and chromatophores could be 
removed only with difficulty. Between these zones the protoplasm was 
more soft and the displacement took place easily. Only one similar 
investigation with j)ollen grains was made by Kihara (1923). He 
made comiarative investigations on the jwtoplasm of the lM)lleii of the 
Triiicum si)ecies by means of j)ollen bursting in hypotonic solutions of 
various pH, and obtained a three-maximum curve. Struggbr (1926, 
1928)* reported also such a polymaxirnum curve in barley root liair. It 
is a well known fact tliat the hydrogen-ion concentration effects tlie 
swelling and the viscosity of various colloidal substances. 

Brink (1924) could not agree with the view held by Van Tieghem 
(1896), CoRRENs (1889)i Molisch (1893), and Lidporss \l8f96), that 
the amount of bursting is unrelated to the osmotic force of the surround¬ 
ing medium. That pollen grain can germinate in sugar solutions of 
widely different conc^trations was proved by Molisch (1893), Toku- 
gawa (1914), Adams (1916), East and Park (1918), and others. 
Brink concluded that <<the evidence suggests the conclusion that the 
cell membranes of the pollen grain and its tube are or become ijermeable 
to cane sugar, and that the final result as far as osmotic pressure is 
concerned is the same as though the surrounding medium were water 
in spite of his conclusion that ^^the bursting of tubes so frequently en¬ 
countered in the artificial culture of pollen is interpreted as an osmotic 
phenomenon”. Mangin (1886), Dudel (1878), and Tischler (1917) 
observed the accumulation of starch in pollen-tubes growing in sugar 



KAZUO GK)T(>H 


89 


solutions. This may be the cardinal evidence that induced Brink to 
advance his ‘‘diffusion theory”. 

Lidforss (1896) cultured the pollen of Loberia cardincdis in three, 
two, and one j)ercent sucrose solutions. On tiunsferring them into 
distilled water after one hour^s time in the solutions, a largo number 
in the first lot bui*st, a relatively large number of the second, and none 
of the third. He made analogous experiments with the pollen of other 
loberia sp., Nicotiana macrophylla and Glaueium hiteum, and got quite 
the same results. Brink (1924) gave his “simplest explanation” to 
the facts that “ if the pollen is somewhat permeable to cane sugar, so 
that during the hour in the culture media, the original osmotic pressure 
of the solution within the tubes becomes increased by an amount 
approaching tluit of the surrounding solution, the tubes, when transferred 
to distilled water, will tend to burst the more freely the higher the 
concentration of the solution in which they were grown ”. 

The author made an analogous experiment with the pollen of Hya- 
cinthis orimtalis. 


EXPERIMENT VII. 

Pollen grains of Ilyacinthua arientcUis wore cultured on a medium 
consisting of 1 percent agar and one mol sucrose. After two hours^ 
cultivation in an incul)ator at 20'’C a small drop of each sugar solution 
of the different concentrations was dropped on a culture. With culture 
“c” (Table XI) first a drop of a 0.975 mol sugar solution was used. 
After a 4 minute interval the solution was removed with a piece of 
blotting paper, and then it was replaced by a 0.950 mol solution. Similar 
treatments of the same culture were repeated until a 0.900 mol solution 
was dropped upon it; decreasing the concentration by 0.025 mol each 
time. The last replacement directly jumped to 0.700 from 0.800 mol. 
In the culture “f”, the replacement of the sugar solution was made 
gradually as in the early part of culture “e”, with the same interval 
of decrease of 0.026 mol each, to a 0.700 mol solution. Table XI 
represents the results. 
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• (—) represents no increase of bursting of pollen-tul)es. 


From thefle reHiilts we can recognize that as the diffin-ence of the 
concentration of sugar solutions from that of the original culture medium 
hecomes greater, the more bursting of the pollen-tubes occurs, as was 
expected. Although all of the pollen-tubes burst in a O.CO mol solution 
solution (culture the cultured pollen can be transferred even in 

a 0.700 mol solution without any augmentation of the bursting of the 
j>ollen-tubes, if a careful, gradual decrotise of the concentration is 
practiced (culture ^^f^' . The total change of osmotic values for 28 
minutes in the culture ^^f” is equal to that of a 0.3 mol sugar solution. 
According to Brink's diffusion theory", osmotic active substances in 
the pollen-tube, mainly sugar, should diffuse out in order to balance 
with the osmotic pressure of the outer solution. From this assumption 
such an amount of sugar as would cause the osmotic pressure in the 
pollen grain and the pollen-tube to decrease from that of 0.976 mol 
to that of 0.7 mol of sugar, should diffuse out into the outer solution 
within 24 minutes. That such a considerable amount of sugar can 
diffuse out through the plasma-membrane in such a short time, does not 
seen to be probable under normal conditions. The diffusion of sugar 
out of the agar medium into, the drops would disturb the accurate 
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chango of the sugar concentration in such a method. The diffusion of 
sugar in an agar medium is, however, so slow, that the amount of 
sugar diffused into a drop will ho very small, and the droj) will keep 
nearly the mmc concentration of sugar for a short while. Therefore, if 
the concentration of the sugar solution is of a sufhcient dilution to cause 
the bursting of the pollen tube, that concentration will be kept unchang¬ 
ed at least until the bursting takes place. If this be true, the influence 
of the diffusion of sugjir out from agar medium may be imictically 
neglected. 

After all, when the concentration of th(i culture solution decreases 
very gradually, the iiKMubrane of the tip of the pollen-tube and the 
neighbourhood can riigulate its state to match the lowering of the con- 
centmtion of the ouhn* solution. On the other hand, if an extensive 
lowering of the concentration takes place at one time, it dex^s not give 
enough time for the regulation of the physical condition of the ])()lleu 
membrane, and bursting will occur. When the concentration of the 
culture solution is decreased stej) by step, the increase of the outward 
pressure in the pollen is not very great in each change. The j)ollen- 
tube can grow rathar quickly. Therefore, the osmotic relation between 
the outside and the inside of the j)o]len grain and the j)ollon-tubo can 
be balanced by the lowering of the concentration of its cell sap due to 
the volumetric change of the ])ollen grain and the pollen-tube. In the 
cultures and ^‘f^^ these changes of the osmotic relation would 

occur at every step of the replacement and it should be possible to 
remove the pollen-tubes to a culture solution of pretty low concentration 
without an increase of bursting. On the other hand, in the case of 
c ” and d in which the concentration of the culture solution is 
decreased extensively at a time, not only the increase of the outward 
pressure is very large, but also the regulation of the physical condition 
of the membrane of the pollen-tube is not quick enough to keep its 
resistance against the inner pressure, and the bursting of the pollen- 
tubes increases. 
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2. Effects of some Inorganic Salts on the Bursting 
of the Pollen Grain, 


The influence of the hydrogen-ion concentration of the culture media 
on the germination of pollen has been discussed in the foregoing 
chapter. It was found that the nature of the buftfer solutions has a 
bearing, as well as the liydrogen-ion concentration, on the pollen ger¬ 
mination and the growth of the pollen-tul)os. Therefore, other ions 
which are contained in the buffer solution should be considered together 
with the hydrogen-ion. 

Molisch (1893) observed the stimulating effect of malic acid and 
Ca-malate on the germination of the pollen of Azalea indica and Rhodo¬ 
dendron poniicum, which would otherwise germinate only on the stigma. 

Lidforss (1896) found that KNO^, NaCl, and CaCL, are toxic in 
0.1-0.01 ^0 solutions. The effects of those salts, however, were not uniform 
on different species. For instance, Ca(NO;,)jj was very toxic to Nicotiana 
pollen but relatively harmless to Loheria i>o]len, while just the reverse 
results were secured with KNO,. In his further investigation, Lidforss 
(1899) found the toxicity of egg albumin could bo avoided by dialysation. 
This was attributed to salts which were inherent in egg albumin. 

JosT (1907) made cultures of Hippeaslrum pollen with harmless 
results in O.Ol-O.OOlji solutions of KNO.., ICHPO^, CaS 04 , or F 0 SO 4 , 
but ZnS 04 showed toxic action in solutions of the same concentrat¬ 
ions. 

Tokuqawa (1914)/worked with 0.001 solutions KCl, KNO^, XaCl, 
NaNOs, CaClo, MgCh, MgSO;, I’ 6 (NO.,) 2 , FeS 04 and with the balanced 
solution accomi>anied by sucrose (oj4). He observed toxic effects in 
most cases. Pollen of Prirmda sp. in CaQo and ffyacinthns pollen in 
NaCl and CaOp grew better than in the control cultures. 

Paton (1912) reported that the pollen of several speceies showed 
better growth on a modified Knopfs agar medium than in the other 
media used. 

Recently, more careful experiments were made by Brink (1924 a 
and b). He used alkali and alkali-earth metal salts for sweet-pea pollen 
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culturcH and ascortaimMl tliat cdiloridos of tlio l»ivalent cations, and 
Jia, arc roii^lily Hftccu tinn's as toxic as tlic coiTes[)ondin^ salts of such 
monovalent cations as Na, J\, and I A. In the case* of JNicotictnci ])ollen, 
salts of alkali and alkall-(‘arth metal and otluirs hav(^ boon tested. With 
the exception of and Zn, all salts tested wia’c injurious in various 
degmes. The effects of CaCL» and Mg(d^, upon Nicotiana pollen were 
quite different from those on sweet-pea ])ollon. A high percentage of 
geiTnination and strong growth could he obtained in a culture solution 
containing 0.002 mol MgCk,, whik^ CaCL. of the same concentration 
showed a marked toxienty. 

Previous investigatoi's have ol)Scrved that ])ollen is very sensitive to 
various neutral salts, (lermination is mtarded, but its growth is stimulat¬ 
ed by some of these salts. They (considered' th(iS(5 stilts as injurious. No 
infomiation, as far as the jtrestmt tiuthor is tiwtii'e, has heretofonc Ix^tm 
gtiiiKMl as to the ])robable rehition Irntwcxm ions and the nature of the 
))rotoplasm of [xdkni. 


EXPERIMENT VITT. 

This cxjteriment was diiwtcd to find out the relation between the 
nature of the cation’^ and the bursting of jtollen^"^). 

A. Material: Pollen grains of Lysichiton camtachateme. 

Culture solution : 0.01 mol sole solutmn of various salts. 

Tem|)emture : 2 PC. 

Observations were made aftar 2 hours^ cultivation. Ih^sults are 
shown in Table XU. 

B. Material : Pollen grains of lAjmchiion camtitchaiensp. 

Cultui-e solution : 0.001 mol sole solution of varioas salts. 

Temperature: 2 PC. 

9) The action of anions is in many cases accompanied by unequal concentrations of 
hydrogen-ions. These experiments were therefore confined to the action of cations. 
30) The elfect of cations on pollen germination will be treated in the next chapter. 
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Observations were made after 2 hours’ cultivation. Besults are 
shown in Table XIII. 

C. Material : Pollen grains of Impaiiens Balmmina. 

Culture solution : 0.01 mol sole solution of various salts. 
Temperature: 2 PC. 

Observations were made after 2 hours’ cultivation. Results are 
shown in Table XIV. 


TABIJS XII. 


Kind of Balt 


I 

II 

III 

Average 

' KCl 

Bursting 

(><) 

1 

72.1 


76.3 

77.4 


Germination 

(») 

0.0 

0.0 

13.4 

4.5 

NaCl 

Bursting 

(>«) 

64.2 

81.1 

89.3 

78.2 


Qertnina^on 

( if ) 

0.0 

0.0 

0.0 

0.0 

liCl 

Bursting 

(X) 

47.5 

4^.0 

63^ 

49.0 


Germination 

( ff ) 

0.0 

0.0 

0.0 

0.0 

MgCl« 

Bursting 

W 

12.1 

7.6 

0.4 

0.7 


Germination 

(..) 

0.0 

0.0 

0.0 

0.0 

SrO* 

Bursting 

(H) 

0.0 

0.0 

0.0 

0.0 


Germination 

L.) 

0.0 

0.0 

0.0 

0.0 

BaCl* 

Bursting ^ 

(fi) 

0.0 

0.0 

0.0 

0.0 


Germination 

(„) 

0.0 

0.0 

0.0 

0.0 

CaCljt 

Bursting 

(s«) 

0.6 

0.0 

0.0 

0.2 


Germination 

(„) 

26.7 

01.0 

52.1 

56.6 

HjO 

Bursting 

(9^) 

0.0 

7.6 

33.3 

13.6 


Germination 

(,,) 

22.0 

,. 61.3 

13.3 

28.0 


TABLE Xm. 


Kind of salt 


I 

II 

III 

Average 

1 

KCl 

Bursting 

(X) 

60.9 

60.8 

21.8 

46.6 


Germination 

(,.) 

10.1 

11.6 

37.1 

19.6 

Naa 

Bursting 

{y») 

39.7 

39.0 

5.5 

28.1 


Germination 

(») 

23.8 

61.2 

26.0 

33.7 

LiCl 

Bursting 

(yt) 

6.7 

31.9 

13.6 

17.0 


Germination 

(,,) 

0.0 

10.1 

0.0 

3,4 
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TABLK XIII.— {Continued) 


Kind of salt 



1 

II 

HI 

Average 

MgCL 

Bursting 

(«/0 

62/2 

26.2 

62.2 

50.5 


Germination 

(») 

15.1 

22.0 

20.5 

22.5 

SrClj 

Bursting 

w 

0.0 

0.5 

0.0 

0.2 


Germination 

(,.) 

0.0 

8.2 

0.0 

2.7 

Baa. 

Bursting 

(J<) 

0.0 

0.0 

0.0 

0.0 


(termination 

(») 

0.0 

0.0 

0.0 

0.0 

Caa2 

Bursting 

• 

ri.o 

2.1 

0.0 

1.7 


Germination 

(..) 

64.0 

62.5 

22.6 

60.0 

llfi 

Bursting 

{9i) 

0.0 

12.0 

7.7 

6.6 

1 

Germination 

(„) 

14.4 

21.4 

50.4 

22.1 


TABLE XIV. 


Kind of salt 

pH value 
of sol. 


I 

II 

III 

Average 

KCl 

6.2 

Bursting 

(9^) 

02.5 

04.6 

94.8 ! 

92.9 



Germination 

(,.) 

0.0 

0.7 

0.0 

0.2 

Naa 

5.2 

Bursting 

iro) 

100.0 

100.0 

95.2 

98.4 



Germination 


0.0 

0.0 

0.0 

0.0 

LiCl 

5.4 

Bursting 

m 

00.1 

92.2 

95.0 

92.8 



Germination 


0.0 

0.0 

0.0 

0.0 

MgCla 

5.2 

Bursting 

w 

60.4 

59.8 

67.4 

62.5 



Germination 

(,.) 

0.0 

0.0 

0.0 

0.0 

Sra. 

5.2 

Bursting 

w 

41.8 

14.5 

22.7 

26.:5 



Germination 


0.0 

0.0 

0.0 

0.0 

BaCljj 

5.2 

Bursting 


0.0 

0.0 

0.0 

0.0 



Germination 

(-,) 

0.0 

0.0 

0.0 

0.0 

CaCljf 

5.2 

Bursting 

i^o) 

1.5 

0.0 

1.1 

0.9 



Germination 


20.(i 

8.0 

14.1 

14.2 

JL/) 

5.2 

Bursting 

w 

1.2 

0.0 

2.1 

1.5 



Germination 


6:5.8 

48.5 

62.2 

68.2 


From these tables it cau he recognized that the diflerent influences 
of cations on the bui-sting and germination of pollen are sometimes not 
HO outstanding and that the order of the strength of their effects is 
variable. As to the bureting of pollen, however, it can be generally 
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said that alkali metal salts have a stroncjer effect than alkali-eai*th metal 
salts. Cations can he arranged as follows, according to the strength of 
their effect upon bursting : 

In the case of Irnpaiiem Balmmina, 

Na > K > I.i > Mg > Sr > ILO > Ca > Ba ; 

In Lymchiton mmtschatenfic, 

K > Na > Li > H,0 > Mg > Ca > Sr, Ba (0.01 mol) 

Mg > K > Na > lij > H.O ^ Ca > Sr ^ Ba {0.001 mol) 

These series of ions resemble those of Kahiio (1920) which were 
detennined in connection with injurious effects on red cabbage (i.e., 
K > Na > Li ^ Mg > Ba ^ Ca). TiU)Ndle (1918) has determined the 
order of the strength of eftect of ions by means of the measurement of 
turgidity. His series is as follows: 

Ca < Sr < Ba < Mg < Li < Na < K < Rb. 

Again, Kahiio (1921) has obtained a like series of cations in the ex¬ 
periment of permeability of salts in Lupinus root. 

K > Na ^ Li > Mg > Ba, Ca. 

In the case of Lysichiton camtscliatense in 0.001 mol salt solution, the 
Mg-ion remarkably changed its position in the series. Analogous cases 
of change in the order of ions dej)ending on the concentration of the 
salt, are known in Sakamura’s work (1924) on the locomotive move¬ 
ment of Gonium. 

HansteEn-Cranner (1919) concluded that the penetration of salts 
can be regulated by the preeijutation of lipoid on the surface of 
cytoplasm. Therefore a strongly precipitating salt will make the outer 
membrane thick, and accordingly, it reaches the inside very slowly. 
That this thickening of the surface-colloid of cytoplasm has a moderate 
effect on the permeability of neutral salts has been observed by Spek 
(1921) in the stiuly of the effect of salts on the biocolloid of Adinch 
spaerium. He reached the conclusion that the precipitating and penetra¬ 
ting ability are inversely proportional (Abdichtungstheorie). The 
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higher the coiicontratioii of the stilts, tlie liiglior is their power of 
penetration. The series of precipittiting ability of ctitions of IMosoa 
plasm has been detennined as follows; 

K Na < Li Ca. 

As shown in the works nientioiUMl abov<*,, the, ]Hn’nM‘,ahility (»f neutml 
salts through plasina-niemhrane is n^ciproeally proportional to the ])rL^ci- 
pitiiting ability of salts. 

According to Beneckk (1907), when Spirogy^m is transfermd to a 
sole solution of MgSO.,, the c(01s are a])art from each other, but the 
])rcsence of a Ca-sjilt inhabits this ]>heuomenon. Lillie (1921) has 
observed that the g(datinous subshince, which covms th(», mass of eggs 
of Asterias forbesij being insoluble in sea water, swells u]) and becomes 
soluble immediately afhu- being transhuTCMl to an isotonic NaCl solution. 
On the other hand, when a small amoiuit of CaClo was added to the 
solution of NaCl, the egg mass maintained its insolubility. Lillie ex¬ 
plained this j)henonienon by saying that ])lasma-coIloid, eRj>ccially its 
2 )eriphery, is in a water-insolubh* condition, l)ecause of combining with 
Ca or like cations, but that wlum it is ])laced in a sole NaCl solution, 
it becomes a solubh^ compound through Uk^ re])lacing of the Ca, or 
like cations, by the Na-ion. 

HANSTfiJ^N-CuANNim (1914) interi)retcMl the ])athologlcal 2 )henomena, 
which' ai)i)ear in the coll membrane of the root of ])hanerogam8 in a 
sole K or Mg salt solution, as due the formation of water-soluble coin- 
I)ounds of i)hoS2)hatld(5 or ])ectin substance with thesis cations. 

Sakamura (1924) found that a (ionium colony, which is formed by 
16 individuals in a gelatinous substance, was entirely disiiKunbered in 
solutions of alkali-salts, and sometimes in a solution of Sr, La, or Mg 
salt. He agreed with the above mentioned authors in the explanation 
of this phenomenon. 

From the foregoing facts, it will be seen that i)ectin and 2 >hophatide, 
covering plasma colloid or binding cells, change th(fir solu})ility according 
to the cation combined with them. That is to sjiiy the cliaractcr of the 
cations plays a very important r6le in the determination of the condi- 
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tiotis of biocolloida] substances. Tlio intensity of the cftcct of the cations 
on the liighcr (lisj)crsioii or swelling of colloidal substance must be 
parallel to their ])ower of 2 )cnetnition. After all, with the cations which 
have groat power of 2 )enetratioii the more the cyt() 2 )lasm and intiiie are 
softened, the more the resistance of the ])lasma-surface decreases. 

It is, therefore, a self-evident fact that tlie series of cations showing 
their decreasing effect on the biii-sting of the i)oJ]eii grains coincides 
with that of their j)ower to 2 )enctrate the cell walls. 


3. Effects of some inorft:iitic silts oh fwllen ffsrmination 
and its growth. 

According to the results of the foregoing experiments (Table XIII) 
we can see that the rate of the germination of the j)o]]en grain dejsnids 
in some degree upon the nature of the ions which act on the colloidal 
behavior of the i)rotoplasm or the membrane substances. In the case of 
Sr, lix, etc. the mte of both germination and bursting is low, because 
they act so as to rebird the swelling of colloidal substances. In the 
case of K, Na, Mg, etc. the sum of the percentages of bursting and 
germination is large, though the g(‘/rmination itself is not so good, because 
they act so as to well colloidal subshinces. 


EXPERIMENT IX. 

In this exi)oriment, the effects of some sole salts on j)ollon, germina¬ 
tion, and growth wore studied. Pollen grains of Hyacintlnis orientalk 
were cultured on an artificial culture medium of 1 agar containing 0.6 
mol sucrose and 0.01 mol various salts. Meiisurements wore made after 
3 liours^ qultivatioii at 25°0. Results are shown in Table XV, A and B. 
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A. 


TABIiE XV. 


Kind of 
salt 

pH value of 
medium 

Number of 
pollen grains 

Percentage of 
germination 

Length of pollen- 
tube in p 

Cont. 

5.8 

111 

100 

350.0 

KCl 

5.4 

117 

87.2 

193.9 

NaCl 

5.8 

122 

02.0 

230.0 

LiCl 

(i.4 

131 

43.5 

67.6 

MgCl. 

5.8 

128 

04.1 

102.6 

SrCla 

5.8 

126 

22.4 

68.4 

llaClji 

5.8 

No gerniiiiation 



CaClo 

5.8 

137 

85.4 

355.0 


B. 


Kind of 
salt 

pH value of 
medium 

j 

Number of j 

pollen grains j 

Percentage of 
germination 

TiCngth of pollen- 
tube in p 

Cont. 

5.8 

103 

08.1 

409.1 

KCl 

5.8 

108 

07.2 

272.;i 

NaCl 

5.8 

111 

98.2 

322.2 

LiCl 

0.2 

115 

17.4 

39.6 

MgCl, 

5.8 

121 

83.5 

‘J05.9 

SrCl, 

6.8 

128 

19.5 

97.2 

BaCl, 

6.8 

No germination 



CaOsj 

6.8 

124 

88.7 

370.6 


As in theHO experiments the ground substance of tlie culture 
medium was prej)ared by using commercial agar, the j)H value of the 
culture media could not always be made the same. Const',quontly, the 
results sometimes <lid not coincide with one another. The following 
series of cations is obtained, if they are arranged according to their 
effects on the rate of germination. 
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0)iit. > Na > K > Ca > > Li > Sr > lii 

When the Ijiirstinjjj of tlie jM)lle!i jh controlled by the addition of 
sugar and agar, the rak^ of germination in a medinm containing an 
alkali-metal sjilt is better than that in the alkali-earth metal wilt medium. 
The Li medium, however, showed an exceptional result, i.e., bad germi¬ 
nation, probably due to its comparatively higher pH value as comj»ared 
to the other media. 

The following series of cations can be obtained regarding the cflects 
on the mte of growth. 

Cont. Ca j;:> Na ^ K ^ Mg ^ Sr ^ Li ^ Jii 

Com])aring this series with that of germination, there will be seen 
only one point of difference, that the Ca-ion changes its position, taking 
that next to the control culture, indicating the best growth in the sjilt 
media. The reason why such a change occurred may be explained by con¬ 
sidering the nature of th(*. Na- or K-ion, which ])romotcs the bursting of 
the pollen grains. They not only stimulak^ the growth of the pollen-t\ibe, 
but also increase the rate of bursting of the pollen-tube during its growth. 
In the case of Ca medium, the pollen-tube can grow slowly and steadily. 
Thercfoie, the nite of growth is slow in a K and Na, comj)ared with 
that in a Ca, medium. 

The effect of the Mg-ioii on the Imrsting of the }K)11cii grains is very 
stmng, compared with K and 'Na, as shown in the experiments of the 
foregoing chapter (Tables XIII and XIV.)? or rather stronger in some 
cases (Table XIII). In this exi)eriment, (Table XV) however, the 
eflect of the Mg-ion on the gonnination and the growth of the pollen- 
tube is always medium. The difference of these two results may be ex¬ 
plained, as mentioned above, by the rate of the bursting of the i)ollen 
gmins and the pollen-tubes during their gennination and growth. 

4, Antagonism, 

Many authors have observed the antagonism between Ca salt and 
various other salts in many physiological phenomena. This is, however, 
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very little) known in Die pliysiology df jiollcii. ]>aton (11)21) lonnd an 
a-ar medium containiii<r M-S()„ KCI, and to he the host amon- 

the media lie iwed for tlio pollen jziermination of Hovcral ])laut specic^.s. 
Buink (1924) inv(*.Htij>’at<Ml the autajjiouintic; action of Ca stilt a;^ainst 
Na or K salt on the {.n-owth on the Hweet-])eti ])ollen-tiil)e. In the media 
of 0.01 mol Na(1 + 0.04 mol (aCl,, 0.02 mol KCl + O.Ol mol CaCl, 0.02 
mol KCI+ 0.02 mol CaCl,, and 0.04 mol K(1+0.01 mol ChCl,, not 
only was the injurious elTect of Na or K salt overcomes, but the *»Towth 
of the pollen-tube was l.»‘l-4 times as jj^reat tis in the salt free motliiim. 

As mentioned in the foreiijoiu^ section (influence of cations on the 
bursting of jiollen monovalent cations act on the ])roto])lasm-membrane, 
softening or making it less clastic, while the bivalent ones, as Ca, act 
contrarily, since the fonner ]>enetrate the ])roto])lasm more easily than 
do the latter. The control (salt fme culture) stands between the alkali- 
cations and the alkali-earth-cations in the intensity of its elle-cts. If 
we assume the control culture as the normal condition, thi‘. two grou]>s 
of siilts named above have ({uite oj)posite chameters from each other. 
This fact can be seen in Tables XII and XIII in the present investiga¬ 
tion and also in Sakamuiia^s experiments (1024) with Gonium pednUe, 

The following experiments were undertaken to see in what degreo 
the antagonistic action among various salts occurs in the bursting and 
the gerinination of the judlcn grain and also in tlie subscipient growth 
of the pollen-tube. 

a« Antagonistic action of Cation upon other cations. 

In the j)resent experiments the antagonistic action of the Ca-iou on 
the cultui*e of the judlen grains is investigated. 


EXPERIMENT X. 

In this exiieriment, the mtc of bursting, the germination and the 
growth of the pollen tui)e of Lymehiion camtscJiatcnsej cultured in various 
salt solutions in the presence of CaCl.., were observed. The concentration 
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of both HilltH iti the mixture wafi 0.001 mol. Observations were made 
after 2 hours^ cultivation at 21°C. Kesults are shown in Table XVI. 


TABI.E XVL 



No. of experiment 

Kind of 
salt 

I 

II 

Average 

BiirHl. 

Yo 

i Germ. 

; Yo \ 

' Growth 
: % 

Burst. 

Yo 

Germ. 

Yo 

Growth 

Yo 

Burst, i 

1 Germ. 

1 

KCl 

50.8 

43.2 

-Ht 

18.0 

76.8 

# 

34.9 

co.o 

NaCn 

5.0 

84.3 

-tt- 

3.1 

844 

H- 

4.5 

844 

LiCl 

18.1 

70.7 


11.0 

81.4 

+ 

12.1 

70.1 

' MgCl. 

2.0 

96.0 

•Hf 

11.0 

81.8 

-tt- 

6.5 

88.0 

SrCb 

0.0 

0.0 


0.0 

40.0 

-f 

0.5 

20.0 

Bad. 

0.0 

2.(5 


2.0 

1.0 

H- 

1.0 

1.8 

Cunt. 

(CaCl. 

only) 

0.0 

75.0 

1- 

0.0 

05.5 

+ 

0.3 

70.6 

HjO 

10.5 

37.0 


6.7 

66.7 

•h- 

8.6 

52.3 


The series of cations, according to their eftect on th(‘/ bursting? of 
the pollen grains in Lysichiton cmiischaienscy using sole solutions of 0.001 
mol, is 

Mg > K > Na > Li > ILO > Ca > Sr > Ba, (1) 

and on the pollen germination 

Ca > Na > HO > Mg > K > Li > Sr > Ba. (2) 

As shown in Table XVI the presence of Ca-ions caused a depression 
of the rate of bursting and an augmentation of the rate of germination 
of |)olIen in every culture. According to the percentage of germiuation, 
a series can be arranged as follows: 

Mg ^ Na > Li > Cont. (Ca only) > K > HO Sr > Ba. (3) 

The last series is nearly the same as the series 1 Only one 
thing is diflerent: The K-ion changes its position remarkably. This is 
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])rol)aI)ly duo to tlio nito of bursting wliicli is larovr tiuiii that in tin; 
case of otlior ions. With ros])(;ct to tlio o-rowth of tlio ])oIl(‘u-tul)e, con¬ 
siderably better results have been obtained with Mg- and K-ions than 
with the control or other salts solutions. Especially in tin; KCl solution 
much swelling took ]>lace, which naturally causes too (piick growth and 
in the extreme cases accelerates tin; rah; of bursting. In the latter casi; 
the perccjitage of germination decreased. A (|uickening of the rate of the 
germination can be seen by a com])arison of the series ‘‘2^^ and 3 
In the sole salt solutions the best germination was secured in the case 
of the Ca salt. In the presence of the Ca-ion the rates of germination 
in Mg, Na, and I a salt solutions surj)ass(;d that, not only in th(;ir solu¬ 
tion, but also in the control cultiin; (Ca salt only) ; the gimnination 
percentage was increased 4, 2.5, and 23 times r(;s})ectively. ((.om])are 
Table XIII and XIV) 

EXPERIMENT XL 

In this experiment, the; rah; of bursting, the germination and tlu; 
growth in pollen of ImpatumH Balmmina cultured in various salt solutions 
in the presence of CaCL, were obsia'ved. TIk; concentration of (;ach salt 
in the mixture was 0.01 mol. Observations were mad(; after 2 hours^ 
cultivation at 2l°C. Ri^sults are shown in Table XVII, A and 15. 

The series of cations, according to their cftect on the bursting of 
the pollen of ImpaiienH Balsamina in the case of the sole solution, is 

Na > K > Li > Mg > Sr > H,0 > Ca > Ik. 

The presence ef the Ca-ion gave the following series of ions for the 
rate of genni nation : 

R,0 > K > Mg > Na > La > Cont. > Sr > Id . 

(Table XVII, A) 

K > ILO > Mg > Na > Ba > Sr > Cont. > Li . 

(Table XVII, B) 

In the presence of Ca, Li makes a remarkable change of its ]iH>si- 
tion in the series, and Na and Mg interchange their positions. The 
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TABLE XVII. 

A. 


Kind of 

pH value 

; 

No. of experiment 

Halt 

of medium 


I 

11 

IH 

Average 



lluist. 

*21.2 

62.6 

80.0 

54.6 

KCl 

5.5 

Germ. 

78.8 

35.0 

>2.6 

42.1 



Growth 

# 

if 

* 

* 



i Burst. 

6.7 

24.0 

9.2 

18.8 

NaCl 

5.9 

' Germ. 

8.8 

27.0 

28.1 

17.8 



j Growth 

H- 

d” 

d- 

dr 



1 Burst. 

7*2.9 

78.4 

92.0 

81.1 

LiCl 

6.0 1 

Germ. 

6.2 

0.0 

0.0 

‘2.1 


1 

1 Growth 

-f 

+ 

d' 

d- 



Burst 

51.9 

81.5 

8.9 

47.4 

MgCl, 

6.6 i 

Germ. 

28.8 

i 16.9 

*80.4 

26.4 

i 

Growth 

•H* 

-H- 

I 

df 



Burst. 

0.6 

0.0 

0.0 

0.2 


5.7 

Germ. 

1.8 

2.2 

4.2 

2.7 


1 

Growth 

d- 


+ 

d” 



Burst. 

2.0 

0.9 

8.4 

‘2.1 

ffaCl. 

5.6 1 

Germ. 

8.0 

2.7 

20.8 

8.7 


j 

Growth 

+ 

+ 

d- 

d- 

C(jnt. 

(CaCljf only) 


Burst. 

5.6 

6.7 

8.1 

4.8 

5.8 

Germ. 

Growth 

7.4 

+ 

10.2 

■d* 

3.1 

d- 

6.9 

d- 



Burst. 

0.0 

3.4 

1.6 

1.6 

H,.0 

6.0 

Germ, 

61.8 

60.9 

44.8 

52.2 



Growth 

d- 

d- 

d* 

d- 


alteration of the ])OHition of Li may be due to the fact that the 
antagonistic ollbct of the Qi-ion against the Li-ion is not strong enough 
to secure a gooil germination. A Li salt + Ca salt solution shows the 
liighest percentage of bursting. The change of the positions of Mg and 
Na can be exp\ained by the fact that the antagonistic effect of the Ca- 
ion against th^ Mg-ion is greater than against the Na-ion. This is 
affirmed by the i^te of growth. 
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B. 


TABLE XYIT. 


Kind of 

pTI value 


No. of experiment 

salt 

of medium 


I 

H i 

m 

Average 



Burst. 

7.2 

1.9.9 

7.7 

0.0 

KCl 

5.4 

(ierm. 

7:1.9 

00.7 

05.5 

08.7 



(innvth 

it 

# 

It 

If 



Burst. 

55.:i 

2.4 

4.0 

20.0 

Naa 

5.r> 

(leriii. 

21.1 

9.0 

1.9.8 

12.8 



(irowtli 

d- 

1- 

d- 

d- 



Burst. 

58.1 

:io.9 

68.S 

52.4 

LiCl 

0.0 

(Term. 

4.7 

4.0 

0.0 

2.9 



(jJrowth 

+ 

d* 

d* 

d' 



Burst. 

0.0 

:i.9.7 

10.0 

14.9 

MgClo 

5.S 

derm. 

2.9.8 

40..9 

42.5 

:i5.5 


Growth 

d* 

-1- 

“V 

•V 



Burst. 

0.0 

0.0 

0.0 

0.0 

SrClj 

5.9 

Germ. 

0.0 

4.1 

11.4 

5.2 



Growth 


d- 

+ 

d- 



Burst. 

0.0 

12.1 

10.0 

7.4 

SaOl2 

5.7 

Germ. 

4.,9 

12.1 

4.2 

0.9 



Growth 

d' 

d- 

d- 

d- 




_ 


___ 

— 



Burst. 

0.7 

7.4 

6.0 

4.7 

Cont. 

5.8 

Germ. 

0.0 

2.9 

8.0 

,9.0) 


(irowth 

d- 

d- 

d- 

d- 



Burst. 

0.0 

0.9 

0.0 

2..9 

lIjO 

6.2 

fjkjrm. 

25.0 

47.6 

99.8 

i 97.7 

(Jrowth 

1 

d- 

d- 


1 ■" 


The pollen grain of Impatiem Balmmina is more sensitive to cations 
than that of I/yaichUon eandaoliateim, and in sole salt solutions no gemi¬ 
nation (only a trace in K salt solution) can bo secured, exceid in Ca 
salt solution. On the other hand, in the presence of the Ca-ion, all 
cases, except one case of Sr, show better germination than in the control 
culture, (Compare Tables XTV and XVII). 
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EXPERIMENT XII. 

In this experiment, ]X)]len graiiiR of Hyacint/ms orienialia wem cul¬ 
tured at on an artirtcial medium of 1^ agar containing 0.6 nu)] 

sucroRe, 0.1 mol C'aCL» and variouH Ralts. The germination percentage 
and the length of the jK)llen-tuhe were meaflured after houi’H^ cultiva¬ 
tion. Result am shown in Table XVIII, A, B, and C. 


A. 


TABLE XVIII. 


Kind of Halt 

pll value of 
medium 

Number of 
pollen grains 

! Percentage of 
germination 

Length of pollen 
tube in p 

Cont. I 

6.0 

113 

96.0 

446.9 

Cont. It 

5.6 

161 

6.3.4 

302.0 

Kcn i 

6.6 

100 

100.0 

434.7 

NaCl 

6.6 

138 

76.1 

408.1 

LiCl 

6.6 

140 

77.1 

294.3 

MgCn, 

6.6 

! 

in 

05.5 

425.9 

8rCb 

6.6 

138 

76.8 

196.2 

BaCL 

5.6 

178 

6.6 

46.8 


B. 


Kind of salt 

pH value of 
medium 

Number of 
pollen grains 

Percentage of 
germination 

Length of pollen- 
tube in p 

Cont. I 

6.0 

210 

96.6 

498.8 

Cont. II 

6.6 

139 

76„S 

292.0 

KCl 

5.7 

106 

98.1 

469.3 

Naa 

5.7 

136 

76.0 

344.7 

LiCl 

6.9 

171 

29.3 

92.6 

MgCb 

6.7 

116 

98,1 

426.2 

SiClj 

6.0 

149 

34.9 

113.0 

BaClg 

6.7 

No germination 
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C. 


Kind of salt 

pit value of 
medium 

Number of 
pollen grains 

IVrcentagc of 
germination 

TiOngth of pollen- 
tube in p 

Cont. I 

C.O 


So.T 

:i04.7 

Cont. It 

5.0 

150 

;r>.5 

1S7.4 

KCl 

5.5 

no 

Ol.S 

310.4 

NaCl 

5.4 

17.^1 

59.5 

253.4 

LiQ 

5.0 1 

no 

50.0 

21S.2 

MgCl, 

5.0 

r 

124 

S5.9 

312.5 

SrClo 

5.0 

120 

52.5 

120.4 

BaCJl. 

5.(J 

No germination 




Cent. I is a sucr<3se-a«ar medium without any salt. 
Cont. It is a Hucr()se-:v<rar medium with Ca(jl» only. 


From the above tables we can get the following series of eations, 
arranged according to the rate of germination and growth in JfyacmihuH 
orientalift: 

For germination : 

1. K > Cont. Mg ^ ]j\ ^ Si\> Na ^ Ca ^ Ba. 

(Table XVIII, A) 

2. K ^ Cont. ^ Mg ]> Ca ^ Na ^ Sr ^ Li ^ Ba. 

(Table XVIII, B) 

8. K > Cont. > Mg > Na > Sr > I/i > Ca > l^a. 

(Table XVm, C) 

For growth: 

1. Cont.>K>Mg>Na>Ca>Li>Sr>Ba. 

(Table XVIII, A) 

2. Cont. > K > Mg > Nn > Ca > Sr > Li > Ba. 

(Table XVni, B) 

3. K > Mg > Cont. > Na > Li > Oi > Sr > Ba. 

(Table XVIII, C) 

In the case of the sole salt solutions the series of cations have 
already been mentioned, namely, for gemination; 
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Cont. > Na > K > Ca > Mg > Li > Sr > Ba, 
and for growth: 

Cont. > Ca > Na > K > Mg > Sr > Li > lii. 

The rate of genuiiiation in all cases, oxcoj)ting Na and Ba, was im¬ 
proved by the addition of Ca salt. In the case of Na, there was a 
slight tendency to decrease. The K- and the Mg-ion show consider¬ 
able antagonism in the presence of the Ca-ion and a much better growth 
than that in the case of the sole salt solutions. Also in Li and Sr 
better growth is obtained than in the sole solutions. (Compare Table 
XV and XVIII) 

Summarizing the results with the three kinds of j)o]len, it can be 
said that the antagonistic effect of the Ca-ion is remarkably stiGiig 
against the K- and the Mg-ion, but not so strong against the Na-, the 

Lb and Sr-ion. 

» 

b. The case in the presence of Sr* or Ba*ioni 

Sr- and Ba-ion both of which have a chemical nature mmilar to 
that of Ca-ion, can bo oxixjctod to show some similar results in anta¬ 
gonism. 


EXPERIMENT XUI. 

The rates of bursting and the germination of the pollen grains of 
ImjMtiena Balaamina cultured in various salts solutions in the presence 
of SrClj were observed here. The concentration of both salts in the 
mixture was 0.01 mol. Observations were made after 2 hours’ cultiva¬ 
tion at 2lX’. Results are shown in Table XIX. 
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TABLE XIX. 


Kind of 
salt 

pH value 
of sol. 

No. of experiment 

I ! 

11 

Average 

Burst. 

{ro) 

Germ. 

iVc) 

Burst. 

(/•) 

derm. 

Burst. 

(/•) 

Germ. 

(?«) 

Ka 

6.2 

0.0 

1.3 

0.0 

3.2 

0.0 

2.3 

NaCl 

6.2 

0.0 

1.1 

0.0 

6.4 

0.0 

3.3 

LiCl 

6.4 

0.0 

1.8 

0.0 

20.6 

0.0 

14.2 

MgC’l, 

6.5 

0.0 

1.6 

0.0 

4.6 

0.0 

3.1 

Cont. 

5.5 

0.0 

2.0 

0.0 

21.7 

0.0 

11.0 

ir>o 

6.3 

0.0 

70.5 

3.3 

20.8 

1.7 

60.2 


EXPERIMENT XIV. 

The rate of bursting and the germination of the pollen gi-ains 
of Lymiditon camisclialmae cultured in various salts solutions in the 
presence of SrClo were observed. The concentration of both stilts in the 
mixture was 0.001 mol. Observations were made after 2 hours^ cultiva¬ 
tion at 21°C. Results are shown in Table XX. 


TABLE XX. 


Kind of 
salt 

No. of experiment 

I 

11 

Average 

Burst. 

Germ. 

Burst. 

(!>«) 

Germ. 

w 

Burst. 

(X) 

Genu. 

m 

KCl 


81.9 

j43 

1 

78.6 

11.6 

80.3 

NaCl 


7.0 

0.0 

14.8 

1.1 

10.0 

Lia 

0.0 

23.3 

0.0 

16.8 

0.0 

10.6 

MgCl* 

1.0 

44.2 

0.0 

31.7 

1.0 

38.0 

Cont. 

0.0 

8.3 

0.0 

0.0 

0.0 

4.2 


2.8 

27.8 

0.0 

4.4 

1.4 

16.1 
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Generally the effect of these ions is to decrease both the bursting 
and the germination. This is due not to an injurious effect of the ions, 
but to their nature, which strongly lessons the swelling of colloid. This 
may be proved by the fact that better germination was secured in coexis¬ 
tence with the K-ion than in the case of sole salt. (C^mpai-e Tables 
XIII and XX, XIV, and XIX). Brink^s expriments (1924) also show 
that in a 0.001 mol solution of SrCh better growth was obtained than 
in a control culture (sugar solution only). 

The Ba-ion has a stronger effect in reducing the bursting than the 
Sr-ion. (Tables XIII and XIV) Also in coexistence with other salts, it 
shows an excellent reducing effect. No bursting and germination could 
be obtaine<l, although the mtio of the concentration of Ba salt to the 
others decreased from 1:1 to 3:7. However, it may not bo due to an 
injurious effect of the ion, because the pollen grains kept their healthy 
appearance even after a day’s culture. Definite conclusions as to this 
point must await further detailed exi)eriments. 


c. Mutual effect between alkali-cations* 

The antagonistic action between alkali-cations and alkali-earth cations 
has already been mentioned. The following experiments were made to 
learn the antagonistic action of alkali-cations upon each other. 

EXPERIMENT XV. 

In this experiment, the mutual effect between alkali-cations on the 
culture of pollen grains was investigated, using a mixture of a pair of 
alkali-salts. 

A. Material; Pollen grains of Lysichiton camtschatenae. 

Culture solution: A mixture of a pair of alkali salts, their 
concentration being 0.001 mol. 

Temperature: 2VC. 

Observations were made after 2 hours’ cultivation. 

Results are shown in Table XXI. 
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B. Material: Pollen grains of Impaiicyis Balsamina, 

Culture Kolutioii: A mixture of a pair of alkali stilts, their 
conccnti-ation being 0.01 mol. 

Temperature : 21'"C. 

Observations were made after 2 hours^ cultivation. 

Results are shown in Table XXTI. 

C. Material ; Pollen grains of Uyacintlms onentalis. 

Culture medium: agar containing 0.6 mol sucrose and a 

pair of alkali-stilts, salt concentration being 
0.01 mol. 

Temj)eraturc: 25X-. 

Observations were made jifter 3 hours^ cultivation. 

Results are shown in Table XXIIT, A and B. 

TABLE XXL 




+Lia 

-l-NaQ 

-fxa 

Cont. 

KQ 

Burst. () 
Germ. (^) 


55.8 

7.3 

40.0 

56.0 

91.3 

7.0 

20.9 

7.0 

Naa 

Buret. (^) 
Germ. ( yo) 

21.0 

14.3 

17.8 

64.0 



LiCl 

nurat. {‘/o) 
Germ. (s>^) 

83.4 

3.3 1 

TABLE 

XXIII. 

i 



pH value 
of mixture 


+Da 

4-Naa 

-i-KCl 

Ka 

5..S 

Buret. (^) 
Germ. (^) 

93.1 

0.0 

84.6 

0.0 

89.4 

0.0 

Naa 

5.1 

Buret. ( ^ 0 ) 
Germ, (ff^) 

92.2 

0.0 

95.2 

0.0 


Da 

6.0 

Buret. (^) 
Germ. (^) 

1 

91.8 

0.0 

1 

1 

Cent. 


Buret. (^) 
Germ. (^) 

.S8.6 

C..S 
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TABLE XXITI. 


A. 


Kind of salt 

pH value of 
medium 

Number of 
pollen grains 

Percentage of 
germination 

Length of pollen- 
tube in (A 

Cont. 

d.O 

104 

97.1 

608.0 

KCl 

6.0 

104 

00.0 

302.0 

Ka+Naa 

6.0 

116 

04.0 

377.6 

NaQ 

6.0 

113 

0.3.8 

3:i8.6 

Naa-I-Lia 

6.0 

153 

73.2 

120.2 

LiOl 

6.0 

271 

1 : 

1 21.7 

54.7 


B. 


Kind of salt 

pll value of 
medium 

Number of 
pollen grains 

Percentage of 
germination 

Ijcngth of pollen- 
tube in p 

Cont. 

6.0 

122 

93.4 

426.6 

KCl 

6.0 

117 

88.0 

320.8 

Ka-fNaQ 

6.0 

106 

95.3 

334.3 

NaCl 

6.0 

123 

91.1 

320.9 

NaCTd-LiCl 

0.1 

134 

78.4 

164.2 

Lia 

6.1 

107 

27.4 

57.2 


As these results show, the antagonistic effect between alkali-cations 
is not generally so distinct, but somewhat better results are obtainable 
in the mixtures than in the sole salt solutions. Especially the combin¬ 
ation of the K- and the Na-ion shows better germination in LyaichUon 
camtachatenae and better growth in Hyacintima orientcdia. 

After all, bivalent cations have shown antagonism to monovalent 
cations. Among cations of the same valency, the antagonism has also 
been obtained, as in. Ca to Mg, and K to Na. 

From the facts which have been shown in the investigations of other 
authors .we can conclude as follows on the effect of the antagonistic 
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action l)etween catioiiH on the 2 )o]lcn genninatioii : As bivalent cations 
act so as to solidify the plasma-membrane, they can C()mj)lete]y or })ar- 
tially prevent the monovalent cations and themselves from ])onetrating 
into a pollen gmiii. On the other hand, the monovalent cations, as K, 
Na, and Li, have a tendency to licpiefy the i)lasma-mcmbmne and to 
penetrate it easily. Altliough we can classify the cations treated in the 
present experiments into two groni)S, monovalent and bivalent, it should 
not bo overlooked that there are some diderencos among cations in the 
same group. In the salt mixture two or more kinds of cations react on 
the plasimi-membrane, their effects compensjiting one another. They 
bring the membrane of a j)ollen grain into a favorable condition for 
germination and growth. This is a polar antagonism which generally 
takes place in plants. 

VI. Growth of Pollen-tubes. 

1. Influence of Temperature, 

Numerous investigations on jdiysiological problems have been made 
in various tomi)eratures by various authors, but only a few experiments 
on the subject of pollen-tube growth have been made in relation to 
temjierature. Van Tieghem ( 1860 ) rci)orts 15'^-25°C. as the favoral)le 
temperature for the germination of pollen in geneml. Moliscei (1893) 
made his ex|)eriiiients on pollen germination at Sasaki (1919) 

studied the eflect of tempemture on the germination of i)()llen and the 
growth of the pollen-tube with Prunus Marne and T/ica japonica and re¬ 
ported 18°C. and 20'’-21°C. respectively as the optimum temperatures. 
ZiEQL£B and Branschbidt (1927) reported 20'"-25‘"C. as the optimum 
temperature for the germination and growth of i)ollen-tubes in several 
fruit trees. Buchholz and BLAKESiAia!: (1927) made direct observations 
on the effect of temperature on the growth of the i)ollen-tubes of Datura 
within the pistil. The optimum temjjcrature in this case was somewhere 
near 33.3°C. Yasuda and Satow (1928) have tested the germination 
of the pollen of Petunia violacea at various temperatures. The best 
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germination in their ox|)erimentfl was obtained at 20'’~23C’. The per¬ 
centage of geimination suddenly falls above and below this zone of 
temperature. These results of these germination tests show a coincidence 
with those of fruitfulness. If pollination was done in the summer 
when the atmospheric temperature was beyond the optimum for the 
gennination of the pollen, the fertilization was considerably damaged. 
Shibata (1902) and Dobsey (1919) observed the temperature effects 
on fruitfulness by regarding the temperature effects on pollen-tube growth. 
The former reports 8'’-10''C. as the minimum temperature for fertiliza¬ 
tion in Mmvotropa and the latter, 40^-50'‘r. in plum. Temperature 
relations might differ for different sj)ecies, as shown by various authors. 
The results of the present author^s experiments are next described. 


EXPERIMENT XVI. 

In this cxiH 3 riment, pollen grains of Hyacinthua orientaliSf T/iea 
japonica var. spontanea, and Viola grypoceras were cultured on a sucrose- 
agar medium at various temperatures, and the influence of temperature 
on the growth of pollen-tubes was investigated. 

A. Material: Pollen grains of Hyacinthns orientalis. 

Culture medium; 1 ^ agar with 0.6 mol sucrose. 

Mmsuronients wore made after 1.5 and 2.6 hours' cultivation. 

Results are shown in Table XXIV. 

B. Material; Pollen grains of Thea japonica var. spontanea. 

Culture medium; 1 ^ agar with 0.2 mol sucrose. 
Measurements were made after 2.5 hours' cultivation. 

Results are shown in Table XXV. 

C. Material: Pollen grains of Viola grypoceras. 

Culturo medium: 15 ^ a^r with 0.36 mol sucrose. 
MejiisiumBi^nts were made after 2.6 hours' cultivation. 

'A, 

'Sesults are shown in Table XXVI. 
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TABLE XXIV. Fiy;. 5) 


Temperature (C.) 


7-8 

20 

25 

30 

35 

Average length of 

A fter 

1.5 hours 

! 

j 

180.5 

303.8 

526.0 

87.2 

pollen tubes in 

A fter 

2.5 liours 

58.8 

560.8 

818.5 

865.5 

104.1 



50 10® 15® *J0® 1 : 5 ° 30® 35® 

Temperature (C.) 

—After 1.5 hours. After 2.5 hours. 


TABLE XXV. (See Fig. 6) 


Temperature (C.) 

10 

15 

20 

i 

25 1 

' 

30 

34 

Average length of 100 
pollen tubes in p 

107.7 

383.5 

645.4 

818.7 

1 

1 

152.1 

Burst. 
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Temperature (C.) 

10 

1 

15 

20 

24 

30 

37 

Average length of 100 
pollen tubes in p 

— 

166.0 

j 

428.1 

1 

751.7 

1 

502.7 

Buret. 


These results show that the temjjcraturc curve for the growth of 
the pollen-tube is generally, as in the case of fungi, slanting slowly to 
lower temi;3eratures from the optimum temperature and quickly to higher 
tem|)eratures’. The optimum temperature xarleB for various plants. It 
seems that the optimum temperature for the growth of the pollen-tube 
has some relation to the flowering season of the plant. Tliea japonica 
and Viola grypoceraa, which bloom in the early spring, have an optimum 
tem|)erRture at about 26®C., and HyaoinOms orientalis, blooming in a 

we ;ner season^ has it at about SO'^C. The results of the above mentioned 

• (, 

authors will support this assumption. 
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5® 10° 16° 20° 25° 30° 35° 

Temperature (C.) 


2, Growth Curve, 


Kast and Park (1918) Htudied tlio growth of the 2>ol](3u-tiil)e witlu’n 
the stylar tissue in the Nicotiana species. The normal growth curve for 
the pollen-tuhe of Datura witliin the stylar tissue ol)taiiio<l by Buciiiiolz 
and Blackeslek (1927) did not show a resemblance to that of Nicotiana 
(East and Park (1918), J-Hhaj)e. The growth of tlu^ pollen-tube of 
Datura was expressed in a distinct straight-line after the first few 
hours. They assumed that accelcmtiou of growth may bo characteristic 
only of a plant showing self-sterility. . 

Brink (1924) obtained an 5-curve- for the growth of the i)o]len- 
tubes of Vinca minor and Scilla on artificial culture media. 


/ 


EXPERIMENT XVII. 

In the following experiincntfi growth cnrvcs wcro t)litaino{l foiAlio 
pollen-tuhos of Hyaoirdlais orientalis, Viola grypoceras, and LUium 
Measurements of the length of the pollon-tubcs in the case of HycuAMim 
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orienktlis were made after staining with GufiouEN^s lactie blue/^ 
GiJfiGFTTEN (ICOl) used 0,75 o/o and 0,5 fo cotton blue solutions in pure 
lactic acid for the staining of the pollen-tubes in the stylar tissue. Snow 
( 1924) used this stain of the same concentrations to stain jKillon-tubcs 
of stocks in the stylar tissue. According to the present writcr^s experi¬ 
ence, a weaker solution, such as 0.1^^, is better than a concentmted 
solution for staining j»ollen-tubes on an artificial cultum medium. In 
the cases of Viola grypoceras and Lilium speciomm a few pollen-tubes 
were selected and their individual growth followed sepamtely by measur¬ 
ing their length at definite intervals. Cultures were brought out of the 
thermostat during measurement, but for so short a time that the influ¬ 
ence of the change of tem 2 )erature was negligible. 

A. Material: Pollen gmins of Hyacintlms orientalis. 

Culture medium: l^/o agar with 0.7 mol sucrose. 

Temperature: 80'’C. 

llesults are shown in Table XXVII. 

Jl. Material ; Pollen grains of Hyndntlnis orivntatw. 

Culture medium: lyo agar with 0.7 mol sucrose. 

Tem|)craturo : 20'’C. 

Results are shown in Table XXVIII. 

C. Material : Pollen grains of Viola grypoceras, 

CMlture medium : 1 ^ agar with 0.35 mol sucrose. 

Temi)erature: 16 and 25®C. 

Results are shown in Table XXIX. 

D. Material : Pollen grains of Lilium speciomm. 

Culture medium: 1 ^ agar with 0.3 mol sucrose, without 

stigmatic secretion (A) and with stigmatic 
secretion (B). 

Temperature: 25'’C. 

Results are shown in Table XXX. 
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TAB1.E XXVII. (Soo 8) 


Tliftc in hours 

X 

1.0 

n 

15 

1 2 

*>i 

-2 

3 

4 j 

5 

1 

Nunil>er of tubes 
measured 

50 

CO ! 

100 j 

100 

100 

j 100 

100 

1 100 

1 100 

1 

1_ 

Average lengtli 
in (j. 

74.5 

I 157.8 j 

i 1 

.‘10C..8 j 

447.7 

i 535.1 

1 820.1 

1 

j 1028.2 

1323,0 

1487.7 


TABJiK XXVIII. (Sec Fi-?. 8; 


Time in hours 

1 

11 

2.00 

1 

*71 ' 

* 

1 

3 i 

i 

85 j 

4 

5 

55 

Number of tubes 
measured 


80 

1 

100 

100 

1 100 

1 _ ___ 

100 

100 

100 

100 

Average length 
in (A 

trace 

87.7 

184.G 

; 885.4 

507.3 

(i‘28.C 

858.1 

1218.8 

1402.4 


TABLE XXIX. (Sec Fig. 9) 


Temp. 

No. of 

Time in hours 

pollen- 

tubes 

1 

n 

2 1 

oi 1 

3 ! 

4 1 

5 1 

8 


1 

130.2 

383.0 

600.0 

8.35.0 

992.0 

1166.0 

1235.0 

1305.0 


2 

95.7 

278.0 

490.0 

696.0 

800.0 

1027.0 

1218.0 

1375.0 

25°C. 

3 

87.0 

261.0 

487.0 

696.0 

81S.0 

10t)9.0 

1148.0 

1313.7 


Average 

107.3 

307.3 

_ 

742.3 

870.0 

1067.3 

1200.3 

i:i31.2 

1 

1 

34.8 

1 

139.2 

278.0 

4 : 15.0 

574.0 

835.0 

1020.7 

1243.7 


2 

19.4 

87.0 

174.0 

296.0 

418.0 

660.0 

835.0 

1235.0 

16“C. 

3 

17.4 

87.0 

166.6 

278.0 

400.0 

567.0 

8:i5.o 

116C.0 


Average 

1 

23.2 

104.4 

202.9 

336.3 

464.0 

661.3 

899.0 

1214.9 
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TABLE XXX. (See Fig. 10) 


Number of 

Culture 



Time in hours 



pollen-tubes 

medium 

1 

' 2 

2} 

i 

i 4 

6 j 

6 

1 

A. 

104.4 

522.0 

870.0 

1078.8 

j 

1218.0 

1305.0 j 

1409.0 

B. 

418.0 

2001.0 

2697.0 

3667.0 

4360.0 

4700.0 

4924.0 

2 

A. 

87.0 

261.0 

622.0 

974.0 

1666.0 

1879.0 

2277.4 


B. , 

505.0 

1966.0 

2836.0 

3880.0 

6740.0 

7407.0 

7686.0 


Fig. 8. (Table XXVll and XXVIU) 



Time (houn) 

20’C. S0°C. 
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Fig. 9. (Table XXIX) 


From the results of 
these experimeuts it can 
1)0 said that also in these 
plants the pollen-tubes show 
an ] -shaped growth curve 
at least in an artificial 
culture medium, though the 
gradient of the curve was 
different in different j)lants 
and was effected by such 
environmental conditions as 
teTnj)erature, contents of 
culture medium, etc. Brinic 
( 1924) observed that the 
growth of pollen-tubes of 
Vinca minor was stimulated 
by the addition of a small 
amount of sterile yeast to 
the culture medium, whilst 
the gradient of the growth 
curve became steej)er than 
that of the control culture. 

In the author^s case of 

Lilixm polIoQ (Table XXX and FIr. 10) a remarkably steeper growth 
curve was obtained In a culture to which stigmatic secretion had boon 
added. The maximum growth attained was about three times the length 
of that of the control culture in sugar-agar medium. 



Time (hours) 
iG-c;. £6°C. 


That the addition of living stigma or style, or their decoctions, to 
the cultiu-o medium stimulates the growth of the pollen-tube has been 
observed by various other authors. 

There have been some instances where the length of the pollen- 
tubes cultured in viiro are comparable to those growing on the stylo of 
the plant. Bobimoff-Pbbissbb (1917) in Ttwsa minor, Knight (1917) 




122 


PnYSIOTX)GrCAL RESEARCHES ON POLLEN 


in apple pollen, and Brink (1924) in Vinca minors Muacari botryoides, 
Puschkinia, Chionodoxa, and Schilla on fluitable artificial media socured 
pollon-tiibes as long as the style. 

In spite of these excellent instances it should still be said that the 
greater part of the growth of pollen tubes on an artificial medium occung 
very slowly and the maximum growth in length is not so great as that 
on the style of the plant. Especially in a plant with a very long stylo 
this difTcrence of growth will be seen distinctly. The length which the 


Fig. 10. (Table XXX) 



Time (hours) 

Without stigmatic secretion. —With stigmatic secretion. 
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pollen-tube can attain in the manner of a nearly straight-line in the 
growth curve is variable with environmental conditions. Jn T^inca minor 
(Brink, Text Fig. 3, 1924) a ])ollen-tubo growing on a medium con- 
t^iining sterile yeast could become about twice as long as that on a 
yeast fnio medium without any diminution in th(^ rate of growtli. Itesults 
of tlie present experiment witli TJlhim fipeciofnim (Table XXX) show a 
similar fact. 

From these instances, it can be assumed tliat tlie growtli of tlio 
pollen-tube in the stylar canal is under such suitable comlitious that it 
can arrive at its destination, the ovary, before the a])pearance of the 
diminution of the mte of growth. Therefore the growth is shown in a 
straight-line curve in this case. An J -shaped growth curve may, how¬ 
ever, be characteristic of the cases under less favorable conditions than 
the normal case on the style, i.e., on an artificial medium or in the 
case of a self-sterile jilant, such as Nkoiiana. 


3, Relation to Polyploidy, 

Comparative investigations on the nature of the jiollen of various 
s^iecics in the Sfime genus have been carried out in a few cases. Martin 
(1913) observed the dilFerent action of various sugars upon the pollen 
of some Trifolium species. 

Kihara (1923) worked on some physico-chemical natures of the 
pollen of various Triimm sjiccies with differing numbers of chromosomes, 
and found in these species different curves for the bursting of pollen at 
various hydrogen-ion concentrations of the culture media. Kobei^ (1926), 
and Ziegler and Bransciieidt (1927) studied the relation between the 
chromosome number and the rate of germination of the pollen of the 
apple and the pear, and considered that the rate of germination depends 
on the number of chromosomes, due to the abnormality in the reduction 


division. 
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EXPERIMENT XVin. 

This expcriinont was made with the pollen of some jpvrdon varieties 
of ITyadnthm mienialis which have different numbers of chromosomes. 
According to de Mohl’s work (1921), the haploid number of 
orientalia var. “ Gigantca ” is 1 2 and that of the var. “ City of Haarlem ” 
23/2. Hyadnthua orientalis, which was used as control and of which the 
variety name was unknown to the author, has a bluish violet flower and 
8 chromosomes as the haploid number. This chromosome number was 
determined by means of IIeu.inq’8 iron-aceto-cannine method (1921) at 
the division of the generative nucleus in the i)ol]en-tube. 

In the experiment cultures were made on an ai-tiiicial medium of 
Ifo agar containing 0.6 mol sucrose and kept in an incubator at 26°C. 

A. Material; Pollen grains of Hyadnthua orientalia and its variety 

“ Gigantca 

Measurements were made after 2 hours’ cultivation. 

Results arc shown in Table XXXI. 

B. . Material : Pollen grains of Hyadnthua orientalia and its variety 

“ City of Haarlem ”. 

Measurements were made after 4 hours’ cultivation. 

Results are shown in Table XXXII. 

TABLE XXXI. 


Name of plant 

Number of 
chromosomcfl 

Number of pollen- 
tubes measured 

Average length of 
tubes (in p) 

//. orimtaliB 

8 

81 

245.7 

IT, 0 . var. 

“ Gigantea ” 

12 

TABLI 

85 

3 xxxn. 

331.4 

Name of plant 

Number of 
chromoAomes 

Number of pollen* 
tubes measured 

Average length of 
tubes (in p) 

1 

II, orientalis 

1 

• 8 

[ 

81 

1 

449.6 

IT, 0 , var “ City 
of Haarlem 

23/2 

(>0 ’ 

624.7 
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These results show tlmt the rate of growth of Hyacinihus i)o]len 
(lei)euds on its chromosome numbers. That is to say, with the multiplica¬ 
tion of the number of chromosomes a more vigorous growth appears. 
The pollon-tubc of the triploid variety (var. Gigaiitea ) and a variety 
having a chromosome number ne^irly that large, 2;V2 (var. << City of 
Haarlem showed about 30 faster growth than that of the diploid 
sjiecies. 

In the next experiment, studies on the gennination of pollen and 
the growth of the pollen-tube in various s|H'cies of Trifolium were made. 
The chromosome number of the Trijolium species was detimnined by 
Karpetschenko (192rj), Bleier (1925), and Erith (1925). Materials 
which were used in the present experiments are as follows : 

Number of chromosomes 
Trifolium incanaium 7 

T. hybrichm 8 

T. pannonicum ca. 65 (Karpetschenko) 
ca. 48-49 (Bijedbr) 

T. pratense 8 

T. repens 16 (Erith and Karpetschenko) 

14 (Bleier) 

The numbers tabulated above show the relation of polyploidy among 
some of these species. 


EXPERIMENT XIX. 

In this experiment, the rate of germination of the pollen gniin and 
the growth of the pollen tubes in various species of Trijolium cultured 
at 20'’C. on a lj4 agar medium containing various sugars was studied. 
Results are shown in Table XXXIII and XXXIV* 
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TABLE XXXIIL 


Cone, of 
Bugar 
(in mol) 

Kind of 
HUgar 

t 

T. inean. 

hybtnd 

pannon. 

p'otense 

repentt 


Sucrose 

Germ. 

Burst 

4* + + + + 

+ 4“ 4" 

4 , 

4 4- -b 4" 4 - 

0.731 

Growth 


X X 

XXX 

X 

X X 

Galactose 

Germ. 

Burst 

+ d- H' + + 

4- + 4- 

Burst 

4-4-4 

! 

Growth 


X 

XXX 


X 

i 


1 

Sucrose 

Germ. 

Buret 

-1-4-+ + + 

4H-4* 

4-4- 

44444 

0.877 

Growth 


X 

X X 


X 

Galactose 

Germ. 

Burst 

4“!- + ++ 

4’4“ 4* 

Burst 

44444 

• 

Growth 

1 


X 

X X. 


X 


” About 20^ germination. 
** X ” Length of about 200 |*. 


TABLE XXXIV. 


Kind of 
sugar*^ 

1 pH value 


T. incan. 

hybrid 

pannon. 

pratense 

repens 

Arabinose 

6.6 

Germ. 

Burst 

ca. 50^ 
burst 

Burst 

Burst 

ca. 50^ 
burst 

Growth 1 


X 




Glucose 

6.0 

Germ, 

Burst 

444 

4 

Burst 

+ 

Growth 


X 

X X 


X 

1 

Fructose i 

B 

Germ. 

Burst 

ca. 00^ 
burst 

Burst 

Bunt 

oa. 50^ 
burst 

Growth 


' t 
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TABLE XXXIV.—(Cbn^inwftZ) 


Kind of 
Sugar* 

pTT value 


T. incan. 

hybrid 

! 

1 pamon, 

1 

p'Otenae 

repena 

GaliictoHc 

6.0 

Germ. 

Burst 

-f- 

+ + 

d” 

- 

Growth 1 

1 


X 

X X 

X 

- 

Mannose 

6.6 

Germ. 

Burst 

ca. 50^ 
burst 

Burst 

Burst 


Growth 






Sucrose 

6.4 

Germ. 

1 

Burst 

+ + 

+ d* 

d- 

"f 

Growth 


V 

X X 

X X 

X 

Maltose 

6.6 

Germ. 

Burst 


d- 

d- 

+ 

Growth 


X 

X 

X 

X 

Ijjictose 

6.4 

Germ. 

Buret 


d- 

d- 

d- 

Growth 


X 

XXX 

X 

X 


* Concentration of sugar is 0.731 mol. 

“ + ” and X ” Slime meaning as in Table XXXI11. 


From these results it is clear tliat the nitc of genuination and the 
growth of the pollen-tubes are characteristic for every species, but do not 
display any particular relation to the number of chromosomes in Trijolixm. 
Pollen-tubes of various Trijolixm species show no more vigorous growth 
with an increase of the number of chromosomes, while in the case of 
HyacintJm pollen it can bo said that with the multiplication of the 
number of chromosomes a more vigorous growth appears, KniARA^s work 
on the pollen of the Tritieim species (1923) shows that various species 
which have different numbers of chromosomes have a quite different 
physico-chemical character of the plasma-colloid. These facts will give 
an interpretation to the results concerning the growth of the pollen- 
tube and the number of chromosomes of the Trijolium species. 
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It may be not improbable that fluch a cafle as Trijblivm, above men¬ 
tioned, can bo seen in the allo-polyploidy, while the regular relation 
between the growth of the pollen-tube and the number of chromosomes 
as seen in Uyacinthm, is characteristic of auto-polyjdoidy. 


Vn. Nuclear Behavior. 

Since Amici^s discovery of pollen-tubes on the stigma of a Poriidaca 
(1823), many investigators have endeavoured to ascertain the i-elation 
between the pollen-tube and fertilization. Two ()j)j)osing views were held 
until the clear investigation of the fertilization j)rocess by Strasburgeii 
(1884) was made. The one was the origin of embryo in embryo-sac 
which was held by Amici (1824), Brongniart (1827), and Hartig 
(1842). The other was «the origin of embryo from pollen-tube held 
by SciiLEiDEN (1835) and Schacht (1850). Strasburger concluded 
this opposition by finding the true meaning of the pollen-tube. Since 
then it is an accejited fact that in angiosperras the pollen-tubes grow to 
the micropyle for the jiurpose of delivering the male nuclei into the 
egg-apparatus. There are two modi of formation of male nuclei in the 
pollen of angiosperm plants. In one the division of a genemtive nucleus 
to fonn two male nuclei occurs before the ripening of the pollen. 
In the other the first division in a pollen grain takes place before the 
ripening of the pollen, resulting in a vegetative nucleus and a genera¬ 
tive cell. In the latter case the male nuclei are formed by the division 
of the generative nucleus in the pollen-tube. The time of the division 
of the generative nucleus seems to have no relation to the phylogenetic 
group of the plant. It may be variable even in the same genus or 
species. For example, Chamberlain (1897) found that in LUium iigrinum 
the division often takes place in the pollen grain, but in L. philadelphi- 
am rarely so, and that in the latter species it might occur either in the 
grain or in the tube at any time up to its completed growth. 

In the latter mode of male nuclei formation, the migration of the 
nuclei out of the pollen grain takes place sb^ly after the germination 
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of the pollen. The vojjfoUtive imcleiw is, hh a rule, followed by the 
genemtive nucleus. The nuclei do not, howevi^r, niaiiitain a regular 
distance between the tip of th(i judlen-tube and theiusidves. These dis¬ 
tances are shown in the following tables In these exi)eriiuents th(^ oIh 
servations were made after staining with Beliano^s iron-aceto-carmine 
alone or couibiiied with lactic blue 

EXPERIMENT XX. 

Pollen-tubes of Ifyacinihus orientalis were cultured on a medium of 
I 56 agar with 0.88 mol sucrose at 20'"-21''C. Observations were made 
after 20 hours^ cultivation. R(‘.sults are shown in Table XXXV. 


TABLE XXXV. 


Pollen-tube 

Jjongth of 
pollen-tube 
(in |i) 

Dintance to 
vegetative nucleus 
from the tip of 
pollen-tube 
(in ix) 

Distance to 
generative nucleus 
from the tip of 
pollen-tube 
(in |i) 

Generative nucleus 
divided ( +) 
or not (— ) 

a 

1879 

122 

226 

- 

b 

1702 

139 

8 

- 

c 

1910 

139 

209\* 

+ 




29r>; 


d 

2036 

435 

348 

— 

e 

2090 

261 

418 

- 

f 

1827 

35 

122 

! - 

g 

2440 

435 

539 

- 

h 

1479 

34 

34 

- 

i 

1997 

261 

1997 

- 

i 

1979 

■331 

400\* 

4 - 

j 



605/ 


k 

1740 

1740 

1740\>» 

+ 




1740/ 


1 

2107 

1253 

400 


m 

2032 

52 

87 

- 

n 

1392 

1096 

365 

- 

0 

2297 

2297 

2297 

— 


* Showing distance to each of two male nuclei from the tip of the poUen>tube. 
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From this table it can be seen that in some cases the generative 
nucleus is followed by the vegetative nucleus (reversed situation of nuclei), 
and sometimes they arc situated side by side. Pollen of b ”, d ”, 1 ”, 

and n ” illustrate the former case and ^^h”, “k”, and ^‘o”, the 
latter case. Note that in k ” and << o ” the migration of the nuclei 
did dot take place, in spite of the long growth of the i)ollen-tube. 


EXPERIMENT XXI. 

In this experiment j)ollen tubes of Hyacinihus orierUalia wem cultured 
at 20'’--2PC. on a medium of agar containing 0,88 mol sucrose. 
After 20 hours’ cultivation, the mutual relation of the position of the 
vegetative and the generative nuclei was observed. Results are shown in 
Table XXXVI. 


TABLE XXVI. 


Culture 

Total number 
of tested 
pollen-tubes 

Number of 
pollen-tubes 
in which vege¬ 
tative nucleus 
is followed by 
generative 
nucleus 

Number of 
pollen-tubes 
in which vege¬ 
tative nucleus 
is situated 
beside genera¬ 
tion nucleus or 
between male 
nuclei 

Number of 
pollen-tubes 
in which 
generation 
nucleus or male 
nuclei is fol¬ 
lowed by vege¬ 
tative nucleus 

Percentage of 
reversed posi¬ 
tion of the 
nuclei 

a 

181 

142 

4 

36 

19.3 

b 

206 

14;i 


63 

30.6 

c 

179 

124 


66 

30.7 

(i 

228 

160 

1 

77 

33.8 

c 

321 

219 


102 

31.8 

f 

211 

143 

7 

61 

28.9 

g 

215 

146 

4 

66 

30.2 

Total 

1641 

1067 

1 

16 

468 

29.7 

(Average) 


From Table XXXVI it can be seen that the reversed situation of 
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the nuclei t<K)k })]ace in rather a high ])crceiittige, at least in the j)olleu- 
tuhes in an artiticial culture. 

The i)ollen of Hyacinthus with 8 chroniosoiues used to chivelo}) one 
2 )o]leii-tube. But the jK)llen of ITyacinthus with 12 chi'oinosoiiies or 
nearly so, often germinah'-s with two ])ollen-tubes. In such case, the 
one })ollon-tube into which tlie nuclei migrated made normal growth 
and the other one, having no nucleus, ceased its growtli sooner or later. 
Sometimes it could be observed that both j)ollen-tubes grew first to about 
equal lengths (PI. I Fig. 1) or the latter could outgrow the former. 
(PI. 1. Fig. 2) 

The division of the gcriemtive nucleus in the pollen-tube has Ixieri 
observed in many cases since Stuasbukger^b investigation (1884). Above 
all, clciir figures of meta[>hasci can be seen in the publications of 
Nawaschin on LUium martagon (1909) and of Saicamuua and Stow on 
Oagea Ixdea (1926). 


EXPERIMENT XXII. 

In this experimimt, j)ollen-tubes of Hyacintlms orienUUis were cultured 
at 20-21'"C. on a medium of 1% agar containing sucrose of various con¬ 
centrations, and the time relation of the <livision of the generative nucleus 
in the pollen-tube was studied. Results are shown in Table XXXVH. 

TABLE XXXVII. 


Culture 

Culture medium | 

Duration of 
culture 
(in hours) 

1 

Number of pollcn- 
tubes with two 
male nuclei 

Number of pollen- 
tubes with a 
generative nulceus 

Agar () 

1 

Sucrose 

(mol) 

a 

1 

0.75 

15.5 

25 

22 

b 

1 

0.88 

16.5 

28 

106 

c 

1 

0.88 

15.5 

1 

179 

d 

1 

0.88 

17.5 

4 

224 

e 

1 

0.88 

20.0 

IS? 

192 

f 

1 

1.00 

17.5 


318 

g 

1 

3.00 

24.0 

31 

184 
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The results of these experiments show that this division may 
take place after about 16 hours^ culture. The time of the division of 
the generative nucdous seems, however, to have a relation to the growth. 
The difference between cultures a and b ’’ may be due to the 
influence of the concentration of the sugar, and the difference between 
‘‘ b ” and c to the age of the pollen. 

EXPERIMENT XXIII. 

In this expormiut, pollen-tubes of Hyacinthus orienialu were cultured 
at 20-21 °C. on a medium of Iji agar containing sucrose of various 
concentmtions. After about 16 hours’ cultivation, obsciwations were made 
and the relation between the time of the division of the generative 
nucleus and the concentration of the sugar in tlio culture medium was 
studied. Results are shown in Table XXXVIII. 


TABLE XXXVIII. 


No. of 

t 

Culture media 

Total number 
of tested 
pollen-tubes 

Number of 
pollen-tubes 

Percentage of 
pollen-tubes 

Number of 
pollen-tubes 
with a genera¬ 
tive nucleus 

exp. 

Agar 

(»«) 

Sucrose 

(mol) 

with two male 
nuclei 

with two male 
nuclei 


1 

0.75 

111 

70 

0.63 

1 

41 

i 

1 

0.88 

15J0 

22 

0.18 

98 


1 

0.63 

1 

53 

47 

0.89 

6 

I[ 

1 1 

0 .8S 

140 

18 

0.13 

122 


That the concentration of sugar in the culture medium has a con¬ 
siderable effect on the division of the generative nucleus in a jK)llen-tube 
is clearly shown in Table XXXVIII. The optimum concentration of 
sugar for the growth of the i^llen-tube in Hyadntlma orienJUdis is about 
0.2 mol in a Ij^ agar medium, and the rate of growth gradually 
decreases on both sides of this concentration. That is to say, a faster 
growth is obtained on the culture medium in the order of concentration 
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0.53, 0.75, and 0.88 mol oi KucroH(». Tho vato of division ooiiicidos witli 
tills ordor of Htiicss of tliu concuMitratioii of su^jjar in the oulturo motliuiu 
to the growth (d the ])ollen-tul)cs. Thorcfori we eaii say that as far as 
the conceiitnition of sugar in the cu]tui*e media is concerned, the better 
the growth of the jiolleii-tube, tlie faster tlie division of tlu*. generative 
nucleus takes j)]ace. ^ 


Fig. II. 


li 



n m 


Vm. Callose Plug. 

The callose ])lug in the ])o]lcn-tub(‘ was first obscn*ved by S^ruAsnuiuiEii 
(1878). Mangin (18ii0) stated that it is coiiijiosed of callose. IkiiULioFK- 

PiiEissEii (1917) re[)orted three 
formation modi. For convimi- 
ence, the modus which was 
re])orted in Laihyrm laiifolius 
will bo designated as A-type, 
that of Vinm minor as li-ty|>e, 
and that of Narcismui anyusti- 
JoliuH as C-type. 

A-ty[)e represents a centri- 
f>etal formation of the callosi', 
plug. It arises from around the 
wall of the ])ollen-tubo, and 
is relatively thin. (PI. I. Figs. 
3 and 4“^). The callose ring 
grows contrijietally until the 
plug is completely formed, like 
a concave lens. 



I i 



1^3 




Diagramatic figures of 
the callose plug forma¬ 
tion ; a-c ”, A-type; 
“ f-i ”, B-type; “ a ”, the 
beginning of the plug; 
“b”, the primary plug 
formation completed; “ c ”, the beginning of the 
callose protrusion; “d ”, a complete callose plug; 
“e”, the callose protrusion growing at a right 
angle to the primary callose plug which is aslant 
to the pollen-tube wall ; ‘‘f”, the beginning of 
the plug, dotted line showing the course of its 
growth; “ g ” and “ h ”, the course of further 
growth ; “ i ”, a complete callose plug. 


EXPERIMENT XXIV. 
Thi-s exfieriinent was made 
in order to discover the thick- 
n(}8s of the callose plug before 


11) In the case of Then japonka var. spontanea, its thickness lies between 9 and p, 
as is shown in Table XXXIX, while the diameter of the pollen-tube is about 20 p. 
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and after its complete formation. For this ptirpose, jM)l]en-tubes of Thea 
Japonica var. spontanea were cultuml on a medium of agar con¬ 
taining 0.2 mol sucrose, and tVie thickness of the calloso plugs was 
measured after 4 hours’ culture and after one day’s. Eesults are shown 
in Table XXXIX. 


TABLE XXXIX. 


Number of graduations’^ 

3 ^ 

1 4 

j 

6 

6 

7 

Callose ring 

32 

50 

16 

2 


Primary plug 

44 

32 

16 

7 

1 


* Eiich graduation in e(|ual.to 3 ja. 

As the results clearly show, the callose ring, the original body of 
the callose plug, grows centri|)etally only, but does not thicken along 
the poUen-tube wall (Fig. 11). After the completion of the plug forma¬ 
tion a callose protrusion arises from each side of its center. (Fig. 11 
c-d and PI. 1. Fig. 4) According to the author’s observations, the callose 
j)rotru8ion arises from the middle of the plug at right angles (Fig. 11 e) 
even if the plug has been set aslant to the pollen-tube wall. Bobiltopp- 
Preisser (1917) stated that the total length between the ends of the 
callose protrusions could reach 50 p in Lathynis laiijolius* In the i)resent 
writer’s case of Thea japonica var. spontanea in one instance a total 
length of SO p was measured. 

EXPERIMENT XXV. 

In this cxi)eriment, pollen-tubes of Thea japonica var. spontanea were 
cultured on a medium of 1 agar containing 0.2 mol sucrose. Distances 
between the pollen grain, the callose plugs, and the tip of the pollen- 
tubes were measured after 4 hours’ cultivation. It was also observed 
whether the plug was completed or not. Results are shown in Table 
XL. 
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TABLE XL. 


Pollen- 

tube 

Pollen p:rain 
to Ist ping 
(in p) 

1st plug to 
the socond 

(in |J-) 

The l-’nd lo 
the tliird 

The hist to 
the third 

l*lug closed 
(•h) or not (-) 


(in |») 

(in ( 1 .) 

1 st 1 

2nd ^ 

.Ord 

a 

52.2 

1:10.2 ! 

— 

418.0 

_ 



b 

104.4 

— 

— 

470.0 

— 



c 

174.0 

200.0 

290.0 1 

.•148.0 

— 



(1 

121.8 

i:io.2 

— 

:148.0 


— 


c 

(>0.6 

109.2 

209.0 

201.0 



— 

f 

i;io.2 

200.0 

27tt.O 

21)6.0 

1 

— 

— 

S 

200.0 

— 

-• 

418.0 

! 



h 

1 104.0 

174.0 

~ 

487.0 

1 

1 _ 

... 


i 

121.8 

nu.o 


557.0 

•— 

— 


j 

174.0 

— 

1 

200.0 

1 “ 




From tho res’iltH it in clear tliat tho bo^iiiiiiiig of the hccoikI phi^, 
Hoiuctiiiies oven the tliird one, ai^pearrt ]on<>j before tlie lirnt one jk com¬ 
pleted. The distances from the pollen sijrain to the lirst ])lii^ and from 
the last one to the tip of the j)ollen-tub(^ an^ variable, but those from 
the tirst to the second ami from the second to the third arc ])rctty re¬ 
gular. They are studied more in detail in the following experiment. 

EXJ’ERIMENT XXVI. 

In this experiment, pollen-tubes of Thea japonica var. spontanm wi^rt^ 
cultured at 25'"C. on a medium of 1?^ agtir containing 0.2 mol sucrose, 
and the relation of the distance between the callosc plugs in the pollen- 
tube was studied. Kesults are shown in Table XLI. 

From these tables it is clearly shown that the distance from one plug 
to tho next one is remarkably increased as they approach the tip of 
pollen-tube. In the pollen-tube which fonns an A-type plug, additional 
I>lugs are very rare. Sometimes we can observe an additional plug of 
the C-ty|)e growing near the genuination jKjre. 
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TABI.E XLl. 


A. Disttincos between the first plugs and the second ones. 


Culture 

Number of graduations* of ocular micrometer 

Total number 

8 

1 

12 

14 

16 

18 

1 20 

1 

a 

2 

19 

20 

12 

2 

3 

2 

60 

b 


7 

6 

10 

3 



26 

c 

1 

5 

3 

5 

6 

1 

1 

22 

(1 


6 

9 

5 

2 

1 


23 

e 

1 

13 

17 

14 

3 

2 


50 

f 

2 

9 

8 

4 

1 



24 

g 

1 

15 

16 

15 

5 

1 


53 

Total 

1 

■ 7 i 

i 1 

' 74 

1 

1 

79 

65 j 

! 1 

22 

j 

8 

3 

258 


Average length 12.44±0.10 
0=2.37 


B. Distances between the second plugs and the third ones. 


Culture 




Number of graduations* of ocular micrometer 


Totol 

10 

12 

1 14 

1 

1 18 

20 

1 22 j 

24 

26 j 

28 

30 

1 32 

a 

1 


2 ' 

5 ’ 

6 

13 j 

10 

10 1 

2 

• 5 j 

2 

3 


58 

b 

1 


2 

4 

4 

4 

2 

3 

4 


2 


1 

26 

C 

1 



1 

3 

2 

4 

4 

1 

1 


1 

1 


fi 

f 

f 




1 

1 4 


h 






e 



1 

2 

9 

'-9 

11 

' 6 

' 7 

1 5 

I 



60 

f 



4 

5 

4 

3 

4 

2 

— 

1 

1 



24 

g 

1 


f 

4 

6 

__{ 

12 

10 

6 

6 . 

4 

2 

* 1 

1 

53 

Total 

3 

1 


28 1 

1 

34 

46 

45 

34 

20 

16 

9 

6 

2 

256 


Average length lOAOiO.lO* 

I 
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C. Distances between the third plugs nn<l the fonrtli ones. 


CiiUiirc 

Number of graduations* of ocular jideromeler 

1 

Total number 

16 

18 

20 

22 

24 

26 

23 j 

80 j 

32 

34 

36 

a 


1 ! 

1 

2 

2 

7 

6 

4 

4 

2 


29 

b 

2 

1 

1 


1 

1 

1 





i 10 

c 




1 

1 

— 

4 ! 

1 


— 

1 

9 

(1 

2 

1 


1 

6 

1 

1 

4 

2 



t 21 

c 


1 

— 

1 

8 

4 

1 





10 

f 

1 

1 

2 

1 


— 

2 

1 




9 

« 

1 

1 

2 

1 

1 i 

— 

o 

2 

2 

— 

1 

12 

Total 

4 

1 

!■“! 

9 j 

1 10 

i 

1 

17 


17 

11 

9 

2 

2 

100 


Average length 25.32x0.31 
ot=4.C0 

• Each graduation is equal to 17.4|i. 


The B-type was found in Vinca minor by Bt)Bir.i()FF-PnEissKn (1917). 
He believed that they arise from “ an cipxally wide deposit of callose at 
two opposite places on the wall of the ])o]lcn-tubo Bbink (1924), 
however, observing the same material, stated that “as the ring of callosei 
thickens and so forth Though his citation of the work of Bobiiaoff- 
PBEisSFiB is not correct, he could observe that the plugs were formed 
centrii^tally. At the beginning of the formation of a B-tyi>o jdug it 
has a greater thickness than the diameter of the pollen-tube (PI. II. 
Fig. 5), and it grows not only to the center but also along the long 
axis of the tube (Fig. 11 f)- The edge of the plug is not so sharp as 
that of the A-type. The author can not decide clearly in the early stage 
whether it grows centripctally or by an equally wide deposition of callose 
at two opposite places on the wall of the pollen-tube. Ho can, however, 
recognize in the later stage that it might grow more or loss centriixetally. 
After shutting off the passage of cytoplasm, the plug continues its growth 
until both sides of the plug show a concave curvature (Fig. 11 h). A 
further deposite of callose resuits in the longitudinal extension of the 
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plug, which at last develops a convex curvature (Fig. 11 i). The thick¬ 
ness of the plug can he measured as about 4-5 times, sometimes 10 times, 
the diamehu’ of the pollen-tube. In the cases of Solarium Capsicastnm 
and Antirrhinum majus^ the plugs attain a thickness up to about 60 /i 
and {,0 [X respectively. Rjbilioff-Preisser (1917) reported that in Fmca 
minor the callose plugs may develo]) at very regular intervals of 300 /i. 
The intervals between the callosa plugs in Antirrhinum majus were observed 
in the following experiment. 

EXPERIMENT XXVII. 

In this experiment, pollen-tubes of Antirrhinum majus were grown on 
a medium of 1 agar containing 0.5 mol sucrose in an incubator at 
25'’C. The distances between the pollen grain, the callose plugs, and the 
tip of the pollen-tube were measured after 24 hours^ cultivation. It was 
also ascertained whether the plugs had closed the passage of cytoplasm 
or not. Results are shown in Table XLII. 


TABLE XLII. 


Pollen- 

tube 

Pollen grain 
—Ist plug 
(in n) 

1 

lBt-2nd 
(>n V-) 

2nd-3r(l 
(in I*) 

The last— 
the tip 
(in p) 

Plug closed 
(-f) or not (— ) 

Ist 

2 nd 

3rd 

a 

S65.0 

400.0 

— 

278.0 

‘f 

4- 


b 

i:6i.o 

348.0 

436.0 

296.0 

+ 

4- 

4- 

c 

605.0 

383.0 

— 

166.6 

+ 

+ 


d 

209.0 

3C5.0 

470.0 

366.0 

4- 

+ 

4- 

e 

261.0 

331.0 

— 

505.0 

+ 

4* 


f 

278.0 

121.8 

— 

261.0 

4* 

4- 



313.0 

244.0 

— 

674.0 

4- 

4- 


h 

296.0 

244.0 

278.0 

296.0 

4" 

4- 

4- 

i 

296.0 

a31.0 

asi.o 

296.0 

+ 

4- 

4- 

i 

313.0 

1 2C1.0 1 

1 436.0 

1 139.2 

4- 

4- 

- 
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In lable XUI it can he noted that sometimes the distance between 
the pollen grain and the Hrst ]>lug is larger than that between the Hi’st 
plug and the second one (pollen-tnbes gotc.), bnt that 

the latter is greater than the former at times (|)ollcn-tul)es 
d etc.). These distances are not so widely diilerent. Tlio relation of 
the distances between tlie })o]len grain and the cal lose pings is studied 
more in detail in the following exj)criment. 


EXPERIMENT XXVIIT. 

In this experiment, ])ol]en tubes of Antirrhinum majtts were cultured 
on a medium of 1 % agar containing 0.5 mol sucrose in an incubator of 
25^C. Distances between the pollen grain and tlio callose plugs in the 
pollen-tube were measured after 24 hours^ cultivation. Results are shown 
in Table XLIII. 


TABLE XLHI. 


A. Distances between the pollen grain and the first plug. 


No. of 
culture 

1 


Number of graduatioiiH* of ocular micrometer 


Total number 

! 10 

12 

14 

1 

1 18 

1 

120 1 

22 

i 

20 

28 

30 


1 

1 


5 

11 

25 

21 

1 12 

4 

0 


1 

85 

2 

2 

2 

8 

13 

13 

11 

8 

5 

3 

4 

1 

70 

3 

2 

6 

11 

22 

17 

21 

14 

8 




101 

4 

3 

G 

ir> 

8 

12 

12 

10 

2 

4 

3 

1 

76 

5 

2 

10 

13 

8 

15 

12 

__ 

9 

3 

2 

1 


75 

1 

Total 

1 

9 

24 

52 

02 

83 

77 

53 

22 

15 

1 

8 

2 

407 


Average length 13.33^0.13 
a«4.01 

•Each graduation is equal to 17.4 ji. 
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B, Difitancefl between the first plugs and the second ones. 


No. of 
culture 



Number of gra<luation8 

^ of ocular micrometer 

{ 

ToUil 

number 

8 

10 

12 

14 

10 

18 ! 

! 20 

1 22 i 

1 I 

24 

1 26 

28 

.so 

1 

1 

2 

4 

13 

23 

12 

10 

4 

8 

4 

4 


85 

2 

3 

7 

11 

9 

16 

13 

11 

— 

1 




70 

3 

1 

12 

11 

28 

6 

15 

15 

3 

3 

2 

1 

3 

100 

4 

3 

8 

7 

12 

14 

10 

8 

6 

2 

3 

2 

2 

77 

5 

4 

7 

5 

10 

16 

8 

11 

2 

3 




75 

Total 1 

12 

36 

33 

81 

74 

j 

58 

55 

15 

1 

17 

0 

1 

7 

5 

i 

407 

i 


Average length 10.44d:0.15 


a=4.58 


C. Distances between the second plugs and the third ones. 


• 

No. of 
culture 


Number of graduation’ 

^ of ocular micrometer 


Total 

number 


! ^ 

10 

12 

14 

! 

18 

20 

22 

24 

1 

1 


8 

11 

— 

11 

4 

3 

4 

o 

48 

2 

2 

14 

11 

9 

13 

9 

8 

3 

1 

— 

70 

3 

6 

15 

15 

17 

13 

9 

4 

2 

3 

— 

84 

4 

0 

24 

26 

15 

20 

12 

1 

2 

— 

1 

110 

5 

10 

17 

1 

20 

11 

11 

9 

2 ' 

3 

— 

— 

83 

Total 

28 

74 

80 

63 

i 

67 

50 

1 

1 

K 

8 

1 3 

1 

395 


Average length ]2.06±0.14 
0 = 3.99 

*Kach graduation is equal to 17.4 \k. 


From these results one may see a tendency toward a decrease in the 
intervals at which the callose plugs are laid down. 

The observations of the present author agree with those of Bobiliopp- 
Pbbisser (1917) and of Brink (1924) in Vinca minor that additional 
plugs continue to be formed at random between the completed plugs. 
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The additional plug formation makes it difficult to measure the intervals 
betwoon tho regular plugs. 

In the B-type, a succeeding cal lose plug does not appear until the 
last one has corajiletely closed. 

The C“ty [)0 jdug formation, which was found in the pollen-tube of 
Narcissus laiijolius by BonrrjOFF-PjiEissKU (1917), grows from one side of 
the pollen-tube membrane to the other. In tlie beginning of the forma¬ 
tion, plugs grow in such various shajies, i.e., single, dichotomous, 
trifurcated, etc., that tlie iinal forms of the plugs are various. A single 
one grows into a plug of almost even thickness, forked ones into iiTe- 
gular forms. Many of tho latter show an uneipial thickness and some 
of them enclose a small amount of protoplasm within themselves. 

Tho plug which has an unequal thickness seems to have grown from 
the thicker end, but we can sometimes recognize clearly the end from 
which it began by the growth-rings (PI. 11. Fig. 6). Although Bobilioff- 
Pbeissek’s diagramatic figures (his fig. 7a) show the plug growing from 
the outer side wall of a curved portion of the pollen-tube, this typo of 
callose plug liaA a tendency to arise from the inner side wall of tho 
curved portion. This tendency is very strongly presented in the pollen- 
tube of Olivia nobilis (PI. II. Figs. 6 and 7). This modus of callose plug 
formation romimls the author that sand is deposited at tho convex side of 
a river curve, and it letids him to suppose that callose may bo deposited 
at the portion where the current of c}ix)p]asm becomes slow. 

The modi of the callose plug formation are different in various species 
of plants. Tho following table shows the modi of the callose plug forma¬ 
tion in pollen-tubes cultured artificially. These were confirmed in tho 
present investigation as well as by previous authors. 

TABLE XLIV. 

The modus of the callose plug formation in different species. 

A-type ; Latliyrus IcUiJolius (Bobiliopp-Pbeisser, 1917) 

Thea Japmica var. ^pordanea Makino 
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Vinca minor (BoBn.iopp-PREissER, 1917, Brink, 1924) 
Antirrhinum majua L. 

Solanum capsicaatnm Link. 

Narcissus latijolius (Bobiliofl-Preisser, 1917) 

Nardssrus Jonquilla L. 

Amaryllis sj). 

Clivia nobilis Lindl. 

Oagea Ixdea Ker. 

Trillium oamtschaticum Pall. 

Tradescantia virginica L. 

Crypicmihus zonaius 

Additional plugs are formed in some species of the A- and the B- 
types. 

Table XLPV shows that plants in the same family of the same genus 
have the same modus of callose plug formation. For instance, all plants 
of the monocotyledoneae, as far as the present author^s experiment proved, 
follow the C-type modus of formation. This relation between the modus 
of the plug formation and the taxonomy of the plants needs further 
investigation. 

The formation of the callose plugs can be interpreted teleologically 
ill the following way. They shut off the tip of the pollen-tube from the 
pollen grain and from the older portion of the tube in order to center 
its activity in the apical jiortion of the tube, maintaining an accumulation 
of the protoplasm. Brink (1924) discarded the grain side by cutting off 
the pollen-tube just at the callose plug on the side away from the tip, 
and observed that the remainder could grow freely after the operation. 
This experiment proved how completely the callose plug can divide off 
the apical portion of the tube as a separate cellular body isolated from 
the older portion of the pollen-tube. 

In pollen-tubes of some species, for instance, in Latliyrus odoratus, 
Chaenomeles cardmalis, etc., the callose plug formation has been very little 
observed in artificial cultures. Instead of this callose plug formation a 
vacuole is formed which gradually swells up to push the protoplasm 
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fomard to the growing tip of tl,c tube. Lato on, many anmll vacuoles 
with the same function apj)ear in the cytoplasm. (PI. II. Pig. 8). 

As the cal lose plugs arc fonned in order to prevent the hackwanl 
movement of the protoidasm to the older portion of the tube, they should 
bo laid down after the nuclei have juissod through that ixation of the 
pollen-tube. Therefore the nuclei should always be in the apical portion 
of the pollen-tube, biit some abnormal cases can be found in artiticial 
cultuies of pollen. In one pollen-tube of Then jciyonica var. npontanfo, two 
male nuclei were observed to have been shut out from the apical portion. 
(PI. II. lig. 9). It is very interesting to notice that the second section, 
which contained the nuclei, had a thicker content than that of the apical 
portion in this case, which is clearly shown in Fi^. 20 l)y its deeper 
staining character. Anotlun* case was found in a pollen-tuho of Clivia 
TwbiliSj where the generative nucleus was caught hy a growing callosc 
plug. (PI. II. Fig. 10) 


IX, Ghemotropism. 

For the purpose of seeking an explanation for the direction of the 
pollen-tube in the ])istil of the plant, a rather large number of ex})eri- 
ments on the tropic reaction of the pollen-tube have been made. Above 
all, chemotropism, especially for its own stigma, has been ol)served in 
many cases. 

CoRRENS (1889) found chemotropism of the pollen-tube for the stigma 
in Primula acaulia. 

Molisch (1893) found chomotrO])ism of the pollen-tubes towards their 
own stigma in many species of plants (^Nardssua Tazeita^ N. poeiicua, 
Amaryllia sp., Azalea indica, Friiillaria imperiolia, Clivia miniata, Hyacinthua 
orientalia, Rhododendron arboreum, and Vincetoxicim officinale). Also he 
observed that the Narciama i)ollen-tube showed a chemotropic reaction not 
only to its own style and other parts of the flower, but also to the stigma 
of Omithogalum umberatum and Wiegelia roaea, and even to yeast. When 
he placed an ovule in a cultiim drop, having first washed it thoroughly 
with water, the pollen-tube of N. podicua grew, especially on the micit)pyle 
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and fiiniclefl, after 6-6 honre. Molisch concluded that the direction of 
the growth of the pollen-tubes into the stylar canal must l)o decided l)y 
tlio chemotropic effect of a secretion of the female sexual organs, and 
that in many cases the negative aerotroi)iBm acts in the same way. 

Mivoshi (1894) found that various sugars, especially sucrose, were 
active agents in the chcmotropism of the pollen-tube, and that its 
sensibility was ruled by Weber’s law. He observed that the cut end of 
the style of Digiicdis purpiirca being j>olIinate, some j)ollen-tubeH grew into 
the style and their tips appeared at the stigma. These results made hini 
conclude that the pollen-tube grows to the ovary along the line of the 
least resistance in the style. 

From the facts that not only the stigma of Nardsma, but also a part 
of a vegetative organ, for instance a section of Allhim root, exercises a 
strong chemotropic effect on the pollen-tube of Nardama Tazetta, liiDFORSS 
(1899a) believed that the active substance of this phenomenon was widely 
distributed. From results of the exj)eriments with diastase, egg-all)umin, 
casein, etc. he came to the conclusion that the active substance in the 
chemotropism of the pollen-tube must be a protein. 

Tokugawa (1914) confirmed both Miyoshi’s and Lidforss’ ex})eri- 
ments and classified pollen into two groups. The one is saccharo-chemo- 
tropic and the other is proteo-chemotropic. For instance, Camellia pollen, 
belonging to the former, was affected by various sugars (sucrose, glucose, 
levulose, and maltose), and the pollen of Nardmia and Pmmia, belonging 
to the latter group, was attacted by many protein substances (albumin, 
casein, nuclein, etc.). Tokugawa also observed that a pollen-tube could 
grow in a reverse direction in the stylar canal and he supported Miyoshi’s 
assumption that the pollen-tube follows the line of least resistance in the 
style. 

Knowltun (1922) observed that the pollen-tubes of Antirrhimm 
show marked chemotropism towards a piece of the stigma but not towards 
Geranium or Petunia stigmas. The same phenomenon can be observed in 
the j)ollen-tubes of Pima Malua, although it is not so pronounced as with 
Aniirrhimm pollen. 
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Brink (1924) studied the choiuotropisiu of ])()lleji-tiibes in luaiiy forms 
of jdauts, using various plant tissues, j)rinci])ally gynaeceum parts. Only 
in two S[)ecies, Antirrhinum sp. and Narcismis Tazeita, could the ch(unotro])ic 
phenomenon be observed. Tlioy showed undoubted cheniotropic reaction 
to their own stigmas, especially tlie pollen-tube of Narciamis TcizHia was 
remarkably attracted not only by the ovule l)ut also by tlie jdacenta and 
by pieces of the epidermis from the internal wall of the carpel. From 
these results Brink was inclined to believe that cheinotro])ism could not 
be an important and necessary factor in directing the i)ollen-tube to the 
micropyle, because the ovule did not sliow a dominating attmetiou to 
})olIen-tubes in the ovarian cavity. In the ])rcsent investigation, tlie 
writoi' noticed that the chcmotro])ically active substance secreted from the 
micro])yle diffuses over the inner Avail of the ovarian cavity. Therefore 
various parts of the ovarian (cavity may haA’e chemotropic j)ower, though 
they do not produce their own chemotropic substances. 

Kxamining the literature, we can S(»,e that the earlier authors have 
considered the chemotroj)ic reaction of the i)olleii-tube towanls stigmatic 
secretion as a cause in orientating th(^ pollen-tube into tlie stylar canal, 
but there is no experimental })roof for the assumi)tion. Kxperimtnits on 
the relation between chomotro]»ism and the orientation of the pollen-tube 
from the stigma to the ovuh^ Avere mad(^ as follows. 

EXPERIMENT XXIX. 

In this experiment the stigmatic tissue of IJlium Hpedutnm Avas cut 
as demonstrated in Fig. 22a, and each })iece i:)laced separately on a culture 
medium (1^ agar+ 0.3 mol sucros(3 Merck extra pure The dilierence 
of the intensity of the cliemotroj>ic effect caused by various parts of the 
stigma was studied. Results are sIioavu in Table XliV. 


TABI.E XLV. 


- - ■ 1 

Part of stigma 

I 

IL 

Intensity of chcmotropisni 
(Percentage of pollen-tubes attracted) 

►J- expresses about 


+ 
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Ab Bhown in Table XIjV, the nearer the tissue is to the touching 
j)art of the stignia lobes, the stronger the chemotropic effect. 

Fig. 12a. 


Diagramatic figure 
of the projection of 
a fltigmatic Burftuie, 
dotted line showing 
the direction of the 
section. 

Pollen-tubes grow 

towanls the touching 

j)art of the stigina lobes, 

which has a stronger 

attractive effect. This auratum placed between section I and 11 of the stigma lobe 

of L, auratum (the position of the sections is shown in 
part is the entrance of Fig. 12a.) 

the stylar canal. Wlicn the pollen of Lilium aiirahm or i. philippinensc 
was sown l^etween the first and tlie 8cct)nd j)ieces of the stiguiatic tissue 
of i. auratum (Fig. 12 a), the pollen-tubes grew towards the second 
piece. (Fig. 12 b) Therefore, it is obvious that the pollen-tube germi¬ 
nated on the stigma is conducted into the stylar canal by chemotropism. 

EXPERIMENT XXX. 

In this experiment stigma, ovary, and various portions of style were 
sliced transversely, and placed on a culture medium. Pollen was sown 
around them. The intensity of the chemotropic effect was observed with 
results shown in Table XLVI and XLVII. 

TABLE XLVI. 

1. Stigma. 

2, The uppermost part of the style. 
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3. A Rcctiori uf Hfcylo at tlie (listaiico from stigma. 

4. A section of style at ^ from stigma. 

5. A section of style at ^ from stigma. 

6. A section of the ])as{il part of the style. 

7. A section of the ovary. 

(See Fig. 13) 


Number given to 
gynaeceum part of 
lAlium aurcUum 

Pollen-tubes 

j L. long^iflomm | 

L. auralum 

X. Maximowiezii 

1 

m 

fflt 

m 

o 

1 # 

1 -H- 

1 -H- 

1 

a 

1 1 

-HI- 

-tt- 

1 * 

4 

■H* 


1 

5 

-tt- 

+ 

! ± 

6 

± 

± 

1 

7 

; ± 

! i 

! ± 


More than 90^ of the pollen-tubcH were attracted. 

■rtf* More than 75<^ of the pollen-tube« were attracte<l. 

•tt- More than of the pollen-tubes were attnicted. 

4- More than 2oy6 of the pollen-tubes were attnicted. 

± Indifferent, 

TABLE XLVII. 

1. Stigma. 

2. The upiHinuost part of the style. 

3. A section of stylo at the distance from stigma. 

4. A section of . style at its middle j)art. 

6. A section of style at | the distance from stigma. 

6. A section of the basal part of the style. 

7. A section of the ovary. 

(See Fig. 13) 
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j 

Number given to 
gynaeceuni part of 
Lilium Maximowiczii 

Pollen tubes 

L. longijiorum 

L. auraium 

L. Maximomezii 

1 

# 


-H- 

2 

m 

•if 

•«• 

3 


•if 

•if 

4 


-H 

-H" 

6 

m 

4- 

•if 

6 

•» 

+ 

4- 

7 

+ 

± 



From theHc results it can be recognized that in Z. auraium the 
chemotropic eftect of the style is considerably less than that of the stigma, 
but in i. Maximowiczii the eftect is not so difR^rent. 
These phenomena vary also in various kinds of plants. 
Pollen-tubes of i. longijlonm show very strong cliemo- 
tropisin towards even a piece of the lower part of the 
style of i. auraium and L. Maximowiczii, but towards 
corresponding pieces, j)ollen-tubes of i. auraium and 
i. Maximowiczii show a very weak chemotropism. 
From these results it cannot bo said that the differ- 
once of intensity of the chemotro 2 )ic effect in the 
stylar canal determines the direction of the growth 
of the pollen-tube, because it shows a decreasing 
tendency. The change of intensity of the chemotropic 
eifect is so gradual, tliat the i)ollen-tube can grow 
along the line of least resistance in the style. If the 
intensity of the chemotropic effect of a part of a 
stylar canal is remarkably stronger than that of the neighboring lower 
part, the j)ollen-tube will be attracted to the former and bend ui)wards. 

EXPERIMENT XXXI. 

In this exi)erimont an attempt was made to find out the cause by which 
pollen-tubes grown into the ovarian cavity are directed to the micropyle. 


Fig. l.‘J. 




. 

. S 


. 6 , 

-7 


; 

Diagramatic figure 
of the gynaeceuni 
part of Lilium, show¬ 
ing the position of 
sections used in the 
experiments. 
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Varu)UH f^yjiacccniiu parts of Zephymihcs Candida ami its own ])()lleii 
were used for the i)ur[»ose. Cultim^s wore inadi^ on a luodiuui of 1 o-i 
a^ar with 0.3 luol siicros(\ Tlie results are shi wii in Table. XLVIIJ. 


TAllLK XLVIII. 



Stigma 

A SL'ction of ovar}' j 

1 

1 Ovule 

Inner wall of ovary 



1 

-HI- 1 

1 

i 1 

-H- 

1 

1 

H- 


he ])i'i^sent autlior eannot sjiy if such a diile.renc(»> in the intensity 
of tlie chem()troi)ic ehect, as sliown in Table XliVIlF, can attract the 
pollen-tube to the ovule. It was, howeven found that jxdhui-tubes <^tow- 
jug around tlie luicroiiyle sliowed chjar elHunotro])isiu to only om^ ])oint, 
i.e., the inicropyle. This fact coincides willi Moiascii’s obsiwvation in 
liollen-tubcjs of Narcisma pocticm wlien he placed tlie washed ovule on his 
medium. 

Here the jiresent author has to express his gri‘at mgret that he could 
not get this historical mahirial on exjieriments on ch(Uiiotro]>ism, as 
Narcissxis lazdia, in the course of his ex])eriments. We may, however, 
assume that if the pi(‘.ces of the gynaeceum parts of N. Tazeiia had becui 
uscmI after washing out in water in JhuNiv^s experiment, some dillerence 
of the intensity of the chemotrojiic eflect might have been observed among 
them. At least in tlu? case of ZtphyrcdhcH Candida we can Sity that iiollen- 
tubes grown into the ovarian cavity are attracted to the micro}>yle liy 
the chemotroiiic effect of a certain substance which is secreted around the 
microjiyle. 

The modification of the chemotrojiic ettect of the gynaeceum luirts 
U|)Oii the pollen-tubes, due to the addition of stigmatic tissue to tlie culture 
medium, was studied in the following .experiments. 

EXPERIMENT XXXII. 

The influence of the addition of stigmatic tissue of Lilium Maxi- 
mowiezii to an artificial culture medium of \yo agar with 0,3 mol 
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sucrose on the cheuiotropic effect of pieces of various gynaeceuiu parts of 
Lilium aurcUum was studied. Kesuits are shown in Table XLIX. 

TABLE XLIX. 


Culture medium 1 ; without the addition of stigmatic tissue. 
2 : cooked with stigmatic tissue. 


1 

Pollen-tube 

i 

Medium 

r.. ""'1 

stigma 1 

1 

Style 

Ovary 


1 

# 

-H- 

± 

X. loncfiflornm 

2 

# 

+ 

± 


1 

fflf 

O- 


X. aurcUum 

o 

It 

4- 

± 


1 

« 

± 

± 

L, Madmcfwiczii 

2 


± 

± 


EXPERIMENT XXXIII. 

The influence of the addition of stigmatic tissue of Lilium Maad- 
momczii to an aitificial culture medium of lo/o agar with O.Jl mol 
sucrose on the cliemotropic effect of j)ieces of various gynaeceum })arts of 
Lilium Maximowiczii was studied. Results are shown in Table L. 


TABLE L. 

Culture medium 1 : without the addition of stigmatic tissue. 
2; cooked with stigmatic tissue. 


Pollen-tube 

Medium 

Stigma 

Style 

Ovary 

L, loriffijlorum 

1 

-H* 

# 

± 

2 


4- 

± 


1 

m 

; -H* 

± 

X. aurcUum 

2 


-lb 

± 
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Pollen-tube 


L. Maximowiczii 


TABLpj Jj.~-{Coniinuc(l) 


Medium 

-- 

Sti^rina 

Style 

1 

m 

■w- 

o 

m 



Ovary 


± 

- 1 - 


From the results of tlieso ex])crjmeiits sliowii in Tables XLIX and 
L, wo can see th(i diminishing of the cdiemotropie reaction on the eultuni 
inediuni cooked with stij^matie tissue, more or h^ss in the ease with stylar 
tissue. In Table L it will be seen that j)ollen-tubes of Lilium longijhnm 
on the control culture medium show a weaker chemotroj)ic reaction towards 
the stigmatic tissue than those on the (uiltun^ medium c(K)ked with the 
stigma of L. Jlfaximowiczn, Tliis may be diu^ to tlie fact that the growtli 
of the j)ollen-tube was remarkably worse in the former case than in the 
latter. Anyhow we can not see any remarkable diflerence in the effects 
of the two media. 


EXPEIIIMENT XXXIV. 

In order to investigate the diflerences of intensity of the ch(mi()tro])ic 
effect according to the ago of tlie flow(*,r, stigmas of Lilhim ii^nnum from 
flowers of different ages were iiseil. A culture medium of 1 agar con- 
taininjr 0.3 mol sucrose was used. Ilcsults are shown in Tal)le LI. 

TABLE LI. 

Age of stigma : 

1. A day after bloom. 

2. A few hours after bhsnii. 

3. Immediately after bloom. 

4. Not yet in bloom, petals a reddisli orange color. 

6. Not yet in bloom, petals an orange color. 

6. Not yet in bloom, petals a yellowish green color. 

7. Not yet in bloom, stigma a somewhat violet color. 

8. Not yet in bloom, both stigma and stylo greenish. 




150 


rHYSlC)U)GICAL RESEARCHES ON POLI^N 


HiicroHe oil the clieniotropic ofte3ct of pIocoH of various gyriaecouiu parts of 
Lilmm auraium was studied. Itesults are shown in Table XLIX. 

TABLE XLIX. 


Culture medium 1 : without the addition of stigmatic tissue. 
2 : cooked with stigmatic tissue. 


1 

Pollen-tube i 

i 

Medium 

i 1 

Stigma 1 

1 1 

Style 

Ovary 


1 

it 


± 

L, longifiorum 

2 

ft 

4* 

± 

/a auraium 

1 

it 

O- 

± 


2 

it 

-f 

± 


1 

■m 

± 

± 

L, Maximowiczii 





• 

2 


i 

± 


EXPERIMENT XXXIII. 

The influence of the addition of stigmatic tissue of Lilmm Maxi- 
moioiczii to an artificial culture medium of agar with 0.8 mol 

sucrose on the chemotropic effect of pieces of various gynaeceum parts of 
Lilium Maximowiczii was studied. Results are shown in 'Jable L. 


TABLE L. 

Culture medium 1 ; without the addition of stigmatic tissue. 
2: cooked with stigmatic tissue. 


Pollen-tube 

Medium 

1 

Stigma 

Style 

Ovary 


1 


it 

± 

L, loriffijlorum 

2 

it 

-h 

± 


1 

it 


± 

L» auraium 

i 

2 

• ^ 


± 
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TABLE Iu —(Continued) 


Pollen-tube 

Medium 

Stip^ma 

Style 

L. Maximoiviczii 

1 

m 

■tit 



m 

tit 


From the resultn of tliese ox]Kirimeiit8 Hhowii in Tables XLIX ami 
L, we can see the (liniinishinjj; of the cli(miotro[)ic reaction on the culture 
medium cooked with stigiuatic tissue, more or less in the cas(^ vvitli stylar 
tissue. In Table L it will be scion tliat ])olhm-tubes of Lilium longijhmm 
on the control culture medium show a weaker chemotroj)ic reaction towards 
the stigmatic tissue than those on the cultures medium c(K)ked with the 
stigma of L, Maximowiezii* This may be du(^ to tlie fact that the growth 
of tlie pollen-tube was remarkably worse in the former case than in the 
latter. Anyhow we can not see any remarkable difH^rence in the edects 
of tlie two media. 


EXPERIMENT XXXIV. 

In order to investigate the differences of intensity of the chemotropic 
effect according to the age of th(^ flow(*,r, stigmas of Lilium tigrinum from 
flowers of diflereiit ages were used. A cultime medium of \^o agar con¬ 
taining 0.3 mol sucrose was used. Results an^ shown in Tabh’s LI. 

TABLE LI. 

Age of' stigma : 

1. A day after bloom. 

2. A few liours after bloom. 

3. Immediately after bloom. 

4. Not yet in bloom, i)etals a reddish orange color. 

6. Not yet in bloom, petals an omngo color. 

6. Not yet in bloom, petals a yellowish green color. 

7. Not yet in bloom, stigma a somewhat violet color. 

8. Not yet in bloom, both stigma and style greenish. 
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Age of stigma 


Pollen-tubes 

« 

Ju longijiot'um 

L. auratum 

L,Maximowiczii 

1 

# 

-H- 

+ 

2 

m 

flif 


3 

m 

-H* 

•H- 

4 

ff 

+ 

+ 

6 

# 

± 

± 

6 

±- 

i 

± 

7 

± 

± 

± 

8 

i- 

± 

± 


It is clear in this table that pollen-tubes of every species used in tlio 
experiment show the best troi)ic reaction to a j)iece of stigma from a 
flower a few hours after bloom, and less more or even to a 2 )icce taken 
one 'or two days before bloom. Ecjually strong chemotroi)ism of the 
I)ollen-tubes of L. longifonm towards the stigma of i. iigrimm is shown 
when its flowers are at ages of from a day or two before to a day after 
l)looin, but their cheinotroj)ic effect on the ])ollen-tubes of L. miratiim 
and L. Moximowiczii quickly decreases after and before the oj)timum age. 

The surface of the stigma of i. Imgiflorum and X. philippinense is 
covered with white waxy slime until several hours after bloom, and 
then a transparent slimy secretion gradually takes its place. The chemo- 
tropic effect of the stigma of X. longijbnim in the above mentioned stages 
was comj)ared in the following exi)eriment. 

EXPERIMENT XXXV. 

The intensity of the chemotropic effect of the stigma of Lilium 
longiflorum in various stages on an artificial medium of lyo agar with 
0.3 mol sucrose was studied in this exi)eriraent. Results are shown in 
Table LII. 
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TABLE LIT. 

Stago of Rtigina : 

L Stigma immodiatoly after hloom^ covered witli white waxy 
Hlime. 

2. Stigma a day after hloom, covered with tranR])aiviit nlimy 

Rccretiou. 

3. White waxy slime from stigma of stage 1. 


Stajrc of stipma 

Pollen-tubes 

L. longiflm'um. 

L. auratum 

1 L. Maximoiriczii j 

Jj. R'peciomvi 

1 

:l- or 4- 

-i: or 1- 

4- or 4- 

r or 4- 

2 

m 


•H- 

4 

a 

1 or -I- 

1 or 4- 

± or 4- 

L or 4- 


From tlic n^sults the very iiitorestijig fact can hr. observed tliat the 
stigma of Lilium lonffiflonm, probably the same in L. philippinenHCf is 
covered with the waxy slime which has a more or less negative chemotropic 
effect towards the ])olleii-tnbes of various Lilium species. Jt is very clear 
that the stigma is protected from pollination by the waxy slimi^ for 
several hours after bloom. This is long enough to avoid self-pollination 
in the field, because the i)Oilen of Lilium easily falls off from tho anthers 
in a short time. It is a well known fact that some dowers are protected 
from self-pollination mechanically by various mor])hological structures. 
Such a physiological protection, however, has as far as the author is 
aware, not yet been mentioned. 


EXPERIMENT XXXVI. 

The difference of tho intensity of tho chemotropic eftect of the stigma 
and the chemotropic reaction of the pollen-tubes in various Lilium species 
was studied in this experiment. A culture medium of agar contain¬ 
ing 0.3 mol sucrose was used. Results are shown in Table LIU, A 
and Bf 
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TABLE LIII. 


A. 


Stigma 

X. longifJoruvi 

Pollen 

X. auraium 

-tubes 

X. Mojoimmiczil 

X. spedomm 

X. 

auraium 

m 

m 

m 

tt 

X. 

Mciximomczii 

m 

fi- 

* 

+ 

X. 

Hgrinum 

ff 

# 

m 

+ 

X. 

^peciomm 



# 



B. 


Stigma 

Pollen-tubes 

X. longifiai'um 

1 X. auraium 

X. Maximmiezii 

1 X. spedomm 

X. auraium 

m 

* 

m 


X. *Maximommi 

m 

% 

*ff 


X. tigrinum 

fflf 

•# 

ff 


X. speciomm 

* 


■1- 



In these tallies it is shown that the intensity of the chemotropic 
effect of the stigina is the strongest in Lilixim auratxm and decreases in 
the order of: Lilium iigrinxm, i. Mcmmoxcidi, and i. apeciomnij and 
that the chemotropic reaction of the pollen-tuhes is the strongest in i. 
longiflomm and decreases in the order of: i. ifaxiimxmczzii, X. auratuniy 
and i. apedomm. These results lead one to conclude that the intensity 
of the chemotropism of the pollen-tubes, at least in the Lilixim species, is 
decided by the correlation between the chemotropic active substances of 
the stigma and the sensitiveness of the pollen to those substances. 

X. Artificial Culture of Ghramineae Pollen. 

It is an important problem in breeding technique to get some ideal 
methods for the artificial germination of the pollen of Gramineae plants, 
because to this group many important crop plants belong. It has been 
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well known, however, t}iat it is a difficult inatttn* to produce Huch gorniina- 
tion on artificial media. Although some re8ultH poHitive to a certain 
degree were obtained hy some authors, as Jost (lOOo), Pfundt (1C09), 
Sasaki (1919), Knowlton (1922), and others, the results could not he 
recognized as fully satisfactory, (except in the case of corn pollen. 

Klfvtng (1879) used plain water, solutions of sugar (1^—thickness 
of syrup), ammonium tartrate, gum arahic, potassium nitnite, sodium 
carbonate, singly or mixed for this pur]>os(^. But his method was not 
successful. 

Lidforss (1899) Siiid that der Pollen unhu'suchten (iramineen zeigt 
die Ei gen tiimli dike it, dass er unt(u* keinen Umstandem in kiinstlichen 
Nahrlosungen zum Kcimen gebracht winden kann 

The first j)ositive result of artificial jMdkm germination in grass plants 
was reported by HANSGiiia (1897). He found that the jiollen of P/uilaris 
Irrachyfdnchya germinates very well in pure water. However, he failed in 
the germination of the pollen of Daciylia ylomeraia and Sesleria viiria* 
Jost (1905) attempted to bring the pollen of Gramineae to germina¬ 
tion by applying many chemicals in difterent concentrations, culture 
solutions with the living stigmas, Icaf-decoctions (grasses), stigma-decoetions, 
or i)ressed juices of stigmas. These substances were used as stimulants to 
the germination of })ollon. Although Justus exjKiriments did not bring 
any positive results, he found tliat only the pollen which lay near the 
culture-drops on the slide glass in a moist chamber germinated. This was 
observed in the pollen of Dadylht, Arrhenaihnim, Secede, and Glycerin, 
From this fact he was convinced that the main condition for the germina¬ 
tion was a niodomte water supply. At last l)o succeeded in germinating 
a Gmmineae pollen by using the loaf surface of a water plant and parch¬ 
ment paper. (See chapter II). By using boiled leaves he also proved 
that germination on the lower surface of the Icjives was not tlie result of 
the influence of 00. gas. The pollen of Secale cereedc was found very 
difficult to bring to germination and it only germinated occassionally on 

12) lie gave a note that “es warden ffir die Versuche verschiedene Zuckcrarten (Rohr- 
zucker, Milchzncker, Traubenzucker, Fruchtzuckcr, Inulin, Qalaktose u.s.w.) mit und 
ohne Zusatz von SSuren (ApfelsSure, WeinsUure, CitronensUure) benutzt’*. 
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a Lymnanthenium loaf. On the other hand, germination of’ com pollen 
was secured not only on j)archment paper which was soaked with water 
or a 10^ sugar solution, but also with an 8yo agar vIh well as a 25 ^. 
In the case of Tripaamm dectyloides, pollen genninated quite as easily as 
tlie com pollen. Pollen of Zizania oquaiioa does not germinate on any 
of those media. It germinates only on its own stigma. Pollen grains of 
Poa annua were found to germinate on agar, starch paste, and in a moist 
chamber. 

Pfundt (1909) studied the ])ollen of some gmss plants, and he suc¬ 
ceeded in the germination of pollen gnxins on sugar-agar-medium. The 
range of concentration of the sugar for the germination was generally 
not very widc^*^ and at the optimum 20-30germination was seemed. 

Sasaki (1919) made some experiments in this direction using young 
leaves of water ])lants, Lxfmnanthenium nymphaeoides and Hydwcharis 
aaiaiica^ for the germination of pollen of some cereal crop plants, but no 
germination was obtained. In the pollen of barlc^y and rice, the agar in 
the medium was increased to 5o^, but only a small amount of germina¬ 
tion was obtained, 

Anthony and Harlan (1920) worked with barley pollen, and they 
obtained somewhat good ix3sults by using hog bladder. 

The same kind of media as those of JosT and Ppundt was used for 
the germination of corn pollen by Andronescu (1915) and Knowlton 
(1922), only they changed the concentration. The last named author got 
the }>est geniiination result at that time (62j^) on an 0.7^ agar medium 
containing 15j6 sucrose. 

Itakura (1922) proi)osed a now method and obtained somewhat 
better results with rye pollen. 

Tabata, Kikuciit, and Sasaki (1922) have studied very recently the 
pollen germination in several kinds of cereals and have secured remark¬ 
ably l)etter results than other workers. They used sucrose-agar medium 
in their experiments. 

13) Aloyeeului pralenm 15-40^, Ijolinm perenne 20-40^, Foa C%atxei* 30-50^, SeeaU cereoU 

30-50^, Zea Maya 0-30^, 
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Althougli nunicroiiR iuvcRtigationH liavo, h(x)ii made, afl above men¬ 
tioned, we filiould recognize that tlie metliod of the artiHcial gomiination 
of Gramineae j)oIlen haR not been rt;markably improved. *Fos'r^s rcRults 
may be apj)reciated in some degree from the standpoint of tlieir numerical 
value, but his method is more or Icrr coni 2 )licated and it is not desirable 
to use such animal or })lant tissues. Unless they arc used only for tlie 
l)urpose of proving that some kinds of pollen can germinate merely by 
mechanically, regulating tlie water supply or for another R})ecial purpose, 
we should prefer nith(ir the stigma of tlie same plant itself. The dif- 
Hculties of the treatment of the materials, non-uniformity of their textures, 
etc., have been already recognized by those authors. For instance, 
Martin (1913) studied Trifotium pratcme ]>ollon, using hog bladder, and 
said that it was not easy to dry the membmne so as always to secure 
good germination. 


1, Control Cultures. 

In the numerous experiments, motioned above, the methods which 
gave more or less sixtisfactory results, except in the case of Phalaris 
brachystachya (Hansgirg, 1897), belong to the third and fifth group which 
were classified in the chapter on the liistorical review of the artificial 
germination of pollen. The methods of Pfundt, Andronescu, Sasaki, 
and Knowlton belong to the third group. The present author has 
descril>ed in an earlier preliminary j)a|)C5r (1924) and in a fomgoiiig 
chajiter how a very small amount of alkaline substance, which dissolves 
out of glass into the culture solution, has a great influence on the 
gennination of pollen. However, as far as he is aware, most of the 
authors who occupied themselves with the exi)eriments of pollen germina¬ 
tion did not pay any attention to this im})ortant point. Therefore, 
before we discuss them methods and the results, we have to repeat some 
experiments with the same media that they used in order to compare 
with theirs. 

For the sake of comparison, the results of the experiments with 
agar medium of the previous investigators am summarized in Table LIV. 
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TABLE LIV. 


Name of plant 

Name of 
investigator 

Year 

1 Percent 

1 of agar 

Percent 
of sugar 

[Percentage of 
germination 

Alopeculua pratenais 

Ppuxdt 

190.1 

1.0 

30 

20-30 

Avena aativa 

Tauata el al. 

v.m 

1.0 

30 

36.6 

Coix lacryma 

Tahata etal. 

1929 

1.0 

40 

37.8 

Daxtylia glomerala 

PPUNDT 

1909 

1.0 

30-40 

20-30 

Ifordeum aatmm (Junreij 

SAia^VKI 

1919 

5.0 

20 

8.9 

- (Fukkoku) 

SAfeAKI 

1919 

5.0 

20 

12.3 


Tahata etal. 

1927 

1.0 

30 

12.6 

Jjolium perenne 

Pfundt 

1909 

1.0 

30-40 

20-30 

Oryza aativa 

Sasaki 

1919 

5.0 

10 

7.1 

(upland rice) 

Tabata et al. 

1929 

1.0 

15 

645 

- (paddy-rice) 

Tabata et al. 

1929 

1.0 

30 

68.7 

Panicum Orua Galli 
var. Vurmerdaceum 

Tabata etal. 

1929 

1.0 

20 

86.5 

Panusum miliaceum 

Sasaki 

1919 

1.0 

20-30 

1.0 

— 

Tabata etal. 

1929 

1.0 

20 

44.6 

Poa Chaixii 

Pfundt 

1909 

1.0 

40 

20-30 

P. compreaaa 

Pfuni>t 

1909 

1.0 

30-40 

20-40 

P. annua 

Jost 

1905 

8.0 

0 

?i) 

Sacchm'inum offieinarum 

Dutt&Ayyak 

1928 

0.7 

26 

3-612) 

Secale cereale 

Pfundt 

1909 

1.0 

40 

20-30 

Setaria italica 

Tabata et al. 

1929 

1.0 

20 

59.6 

TMticum vulgare 

Tabata et al. 

1929 

1.0 

10 

35.5 

Zea Maya 

Jost 

1905 

8&2 

0 

71) 

» 7f 

Pfundt 

1909 

1.0 

15-20 

20-30 

ff ft 

Andbonescue 

19)5 

0.7 

10 

20 

ft ft 

Sasaki 

1919 

1.0 

20 

4.9 

ft ft 

Knowlton 

1922 

0.7 

15 

62 

ft ff 

Tabata et al. 

1929 

1.0 

20-30 

49.7-62.62) 


1) Joet did not give any numbers. 

2) Different varieties show a different percentage of pollen germination. 
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EXPERIMENT XXXVII. 

Ill this experiment, method II was used. In order to comjwire the 
results of this experiment with those of jirevious investigators mentioned 
in Table LIV only a siicrose-a«ur medium was used witliout controlling 
the pH value. In the case of the species wliich had been investigated 
by previous workers, nearly the same concentrations of media were used. 
Results were shown in Tables LV. 


TABLE LV. 


Name of plant 

Concent. 

Concent. 

pH value 

Number of 

Percent 

oi agar 

of sugar 

of med. 

pollen grains 

of germ. 


0.5 

0.5 

6.9 

473 

28.8 


0.7 

0.5 1 

6.4 

393 

49.6 

Alopeculus agrestic 
(yellow anther) 

1.0 

0.4 

6.8 

218 

69.3 


1.0 

0.4 

6.8 

449 

61.3 


1.0 

0.5 

6.2 

269 

51.7 


1.0 

0.4 

6.8 

214 

67.0 

Alopeculus agrestis 

1.0 

0.4 

6.8 

.338 

1 

81.7 

(purple anther) 


1.0 

0.4 

6.8 

271 

1 

87.1 

A, /ulvU8 

1.0 

0.4 

6.8 

200 

77.6 


1.0 

0.5 

6.2 

326 

46.7 

A. geniculalua 

1.0 

0.5 

6.4 

585 

17.1 


1.0 

0.6 

6.4 

375 

60.0 

A, praienm 

1.0 

0.5 

6.0 

3:12 

32.2 

(yellow anther) 

1.0 

i 

0.6 

6.4 

201 

22.6 

A, pratemis 

1.0 

0.5 

6.0 

388 

76.8 

(purple anther) 

1.0 

0.6 

6.4 

178 

55.1 
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TABLE UV—iCorOimied) 


Name of plant 

Concent, 
of agar 

Concent, 
of sugar 

pH value 
of med. 

Number of 
pollen grains 

Percent 
of germ. 


1.0 

0.6 

0.2 

230 

62.6 

Anthoxanthum odoraium 

1.0 

0.6 

0.4 

460 

67.1 


1.0 

0.0 

0.4 

246 

4S.8 

Avena Jlavescens 

1.0 

0.7 

7.0 

^ 188 

8.6 


1.0 

1.0 

0.1 

248 

36.7 

Bromua inermia 

1.0 

l.l 

0.6 

478 

40.2 


0.7 

0.6 

6.4 

All burst 


1.0 

0.8 

6.4 

388 

3.1 

Cynomrua erintalua 

1.0 

0.9 

6.7 

676 

10.1 


1.0 

0.06 

6.7 

346 

28.9 


1.0 

1.0 

6.1 

668 

21.2 


1.0 

0.7 

7.0 

448 

11.6 


1.0 

0.8 

6.4 

486 

9.7 

Festuea elattor 

1.0 

0.9 

6.7 

198 

21.2 


1.0 

1.0 

6.1 

332 

6.3 

Festuca datior 
subsp. protends 

1.0 

0.9 

6.7 

220 

11.4 

Hordevm sativum 
(tvro rowed) 

1.0 

0.8 

6.8 

277 

^ 17.7 

Hordmm sativum 
(six rowed) 

1.0 

0.9 

6.7 

286 

6.7 

’ 

1.0 

0.9 

6.7 

473 

10.1 

Jjclium pereniut 

1.0 

1.0 

6.0 

675 

14.3 

(yellow anther) 

1.0 

1.1 

6.6 

618 

29.0 


1.0 1 

' 1.15 1 

6.7 

472 

ia8 
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TABLE LV. - ( Continued) 


. _ 

- _ 

--_=r „^-r- 




Niime of plant 

Concent. 

Concent. 

pit value 

Number of 

Percent 

of agar 

of sugar 

of mcd. 

pollen grains 

of germ. 

Jjolium perenne 
(purple anther) 

1.0 

1.0 

6.0 

218 

5.5 

1.0 

1.1 

6.5 

336 

39.9 

Oryza zativa (Akage) 

1.0 

1 

1 0.3 

7.0 

132 

24.2 


0.7 

0.45 

6.5 

All burst 

Panicum miliaceum 





1.0 

0.5 

6.5 

58 

40.7 

PfUeum prcUenae 

1.0 

_J 

0.4 

1 _ 

6.8 

176 

:i3.o 

Seeale eereale 

1.0 

1.15 

6.7 

109 

54.5 

Zea Mays 

“ Black Starch 

1.0 

0.3 

7.0 

338 

56.8 


0.7 

0.45 

5.8 

160 

55.0r 

Zea Mays “ Catowber " 

1.0 

0.3 

7.0 

le53 

65.1 


1.0 

0.3 

7.0 

163 

71.2 

Zea Mayg 

1.0 

0.3 

7.0 

249 

22.1 

“Large White Flint” 


0.7 

0.46 

5.8 

no 1 

17.3 

Zea Mays 

1.0 

0.3 

70 

78 

11.5 

“ Mammoth Sweet ” 


1.0 

0.3 

7.0 

220 

16.5 

Zea Mays 

1-0 

0.3 

7.0 

181 

19.3 

** Northwestern 



7.0 

128 

40.2 

Dent” 

1.0 

0.3 

Zea Mays 

1.0 

0.3 

7.0 

224 

21.9 

•* Sweet Orange ” 



! 

Zea Mays 

White JSrer 

1.0 

0.3 

0.35 

7.0 

7.1 

288 

269 

' 14.6 

73.7 

Green ** j 

J.O j 
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In those experiments plain sucrose-agar medium was used, of which 
the pH values varied from 6.9 to 7.1. This variation of the hydrogen-ion 
concentration may be caused by the different impurities of the agar, 
which could not be easily removed. 

Com pollen was known as a kind less sensitive to the water supply 
and as one which germinates more easily than other Gramincao i)ollen. 
According to JoST (1905) and Pfundt (1909) it is possible to bring pollen 
grains of this plant to germination on agar-media containing 0-30 per 
cent sucrose. Summarizing the results of various workers, the oi)timum 
concentration is 0.7-1 agar phis 10-20 sucrose yielding a germination 
percentage between 4.5 and 62. Knowlton (1922) has shown by his 
experimental data (his table 4) that different concentrations of agar and 
sugar brought various results. Many other authors, however, must have 
made at least several exi)erimont8 to decide the optimum concentration, so 
that it cannot be considered that those differences of results am duo to the 
difference of the concentrations of the media. According to the writer^s 
experiments (Table LV), the jiercentage of germination is remarkably 
variable according to the plant varieties, even on the medium which has, 
not only the same concentration of sugar and agar, but has also the same 
concentmtion of the hydrogen-ion. They vary from the lowest percentage 
in Mammoth Sweet” (15.6j^) to the highest in White Ever Green” 
(73.7 ji). Anderson and Kum? (1922) tabulated the difference of the 
contents of pollen among some varieties of corn as follows; 


1 

Yellow dent 

White flint 

Pop* com 

Starch 

11.07 

19.04 

is.as 

Reducing sugar as 
dextrose 

3.50 

6.38 

4.05 

Sucrose 

9.09 

2.94 

14.18 

Ash 

3.46 

3.83 

3.13 


The difference in the contents, especially of sugar, may partially 
explain the difference of sensibility to the artificial medium for germina¬ 
tion. From these facts the present author is convinced that KNOWiiTON^a 
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good losiilts aio not duo to KIf? clioico of «i nioro suitfiblo concoutratioii 
of tho inodium, but rathor it iiiiglit bo liis use of a variety Huitable for 
the purpose, thougli he did not give the name of tho variety of liis 
material. Tho experiments of Durr and Ayvar (11)28) on the ]H)llen of 
sugar cane affirm this assumption. The ]>ereentage of polhm germination 
varies from 3 to 61 according to the varieties of the ])lant. 

In the cases of Alopceiilus agresiw, A, and Lolium perenne 

the pollen from a purple antlior shows bettor germination than that of a 
yellow one. Further exiierimcnts arc desirable on tliis aspect of tho 
problem. 

Sasaki’s results in i/on/mm, Panimm, Oryza, and Zea show relatively 
low percentages. This might be due to the (jiuility of the glassware which 
he emi)loyed in his experiments. In an earlier chaphir it has been already 
shown that a remarkable diflerence of germination was induced by tho 
difference of the cpiality of the cover glass in tho lianging-drop culture. 
In those experiments tho change of the hy<lrogen-ion concentmtion of the 
culture drops could not be tested directly. In tho present experiment, 
however, tho pll value of the culture mo<lia can be detimnined, and the 
difference of their qualities noted. 

EXPERIMKNT XXXVIII. 

In this experiment, two kinds of sucrose-tigar medium (Ij^ agar and 
0.6 mol sucrose) were used. The one was prepared in a non-alkaline 
glass flask and tho other in an alkaline one. Hates of germination of 
the pollen gmins and the growth of the iK)]lon-tube8 wore observed. 
Results are shown Table LVI. 


TABLE LVL 


Kind of 
medium 

pH value 
of medium 


AlopeeuXuB 

gemetUatua 

Alopecuhta 

pratenaia 

Anihoxanthum 

odoratum 


6.4 

Percentage of germination 

17.1 

28.5 

67.1 

A 

Growth rate 

+ + + 

4--b 

d* + d- d* d- 
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TABLE im.-{Continued) 


Kiml of 1 
medium 

pTI value 
of medium 

i 

AlopeevluR 

gemculatua 

Alopetulun 

prateimR 

Anihaxanthum 

odot'cUum 

B 

7.6 

Percentage of germination 

4.5 

12.0 ' 

23.7 

Growth rate 



d- 




As the results show, thcr (lifterence of the quality of the glass of the 
flask in which the media were prepared aftected the pH value of the 
media, and gave pH 6.4 and x)H 7.6. Such a difterence of the j)H value 
can be expected to be the cause of remarkably different results in germina¬ 
tion and growth. 

2, Relation between the Germination and the Dryness 
of the Pollen^ 

• In the germination of pollen, the function of some kinds of stigma 
which do not produce any special secretion is to regulate the water supply. 
This view was held by many investigators, such as Just, Martin, and 
others who studied this point. Martin (1913) said that if this is the 
function of the stigma, and the water supply must bo as delicately ad¬ 
justed on the stigma as on the membrane to secure germination, .the 
conditions which will modify the amount of water delivered by the 
stigma have an effect on fertilizatian And again he said that if 
germination depends upon a certain balance between the amount of water 
taken up and transpiration, then a variation in the moisture of the 
atmospheie would have an effect on fertilization It is very clear that 
the factors which act on the water balance in this case are the nature 
of the stigma, the atmosphere, and the dryness and number of pollen 
grains which are pollinated on the stigma. 

Martin (1915) made comparative experiments with alfalfa pollen on 
the inter-related influence on germination of moisture in the air and in 
the medium. He foimd that when the moisture of the substratum is less, 
better germination is secured in air with more moisture, and vice'if^^ 
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lor instance, with tin foil, the best gennination was obttiined over pui’e 
water or in approximately 100 2 >er cent atmos])heric moistni’e, and with 
moist bladder good germination resulted in air with a moisture conkmt 
ranging from 81.8 to 6a 1 i)Gr cent. 

In the case of 2 )ollen germination on the stigmatic surface of the 
Gramineae 2*l9'nt, the movement of water between the stigmatic tissue and 
the j)ollon grain is a similar 2>henomenon. So the dryness of the 2 >ollen 
will have an infbience on tlu^ velocity of the transfer of enough water 
for germination from tlie stigmatic tissues to the 2 >ollon grain. It is, 
however, clear that an artificial culture medium can not provide such a 
complex system as the structure of a cell. Accordingly, it is difficult from 
the 2 )resent knowledge in this direction to get an artificial medium which 
can not only legulate the water su])2)ly, as in a stigmatic tissue, l)ut which 
also has a suitable texture for microsco 2 )ic observation. On the contrary, 
we can control the dryness of 2 )ollen grains. As mentioned in de8cri])tions 
of the mor 2 )hjlogical character of ])ollon gmins, they can be divided into 
two ty 2 )cs by their a 2 )i)earanco of turgidity at tlie instant of the dehiscence 
of anthers ; the one has more or less shrinkage and the other has not. 
The fonner seems to germinate easier than the latter on an artificial 
medium. On this account, this matter of the dryness of the 2 X)llcn grains 
may bo an im 2 )ortant 2 >«int in the investigation of the artificial germina¬ 
tion of Gramineae 2 >ollen. 

The dryness of pollen has never, as far as the wrih^r is aware, been 
considered in the case of gennination on an artificial medium. Methods 
which have been used U2) to date were almost all, exce 2 )t several cases 
for some special purpose, carried out in a closed air chamber and with 
fmsh pollen. In the following cx 2 >eriments, the o 2 )en method II was 
used, where the grains wore spread on the medium 20 minutes 

after its preimmtion. They wore not covemd. Therefore a certain degree 
of evaporation fvom the medium occurred, which was accompanied by a 
slight change of the concentration of the medium. Pollen grains were 
gathered on a clean glass 2 )late or on a sheet of paraffin paiJer, and after 
being left on a table in the laboratory, a certain amount of them wem 
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flown on the mecliiim at different intcrvalfl. Conimercial sugar is more 
suitable than chemically pure sugar for the j)urpo8e of germination. It 
is clearly shown in Buink^s work (1924) that better germination and 
gi-owth of Cucimis j)ollen resulted on a commercial sugar than on a che¬ 
mically pure sugar medium. 

Beet sugar (Hokkaido Seito Co.) was used for the present experi¬ 
ments. 


EXPERIMENT XXXIX. 

In this experiment, the relation between the time of exposure of the 
pollen grains in the air and the rate of geimination and bursting of the 
pollen in several Gramineae plants was under observation. Results am 
shown in Table LVII. 


TABLE lA'II. 


Plant name 

Medium 


Time of exposure in the air 

Agar 1 Sugar 

1 

! pH 

0.0 

0.5 

1.0 

1.6 

2.0 

2.6 

Festuca eoJior 

1.0 

0.85 

6.9 

Germ. 

Burst. 

7.6 

46.8 


29.4 

20.0 


64.4 

2.6 

Alopeeulus 

(purple anther) 

1.0 

1.0 

0.4 

6.8 

Germ. 

Burst. 

87.1 

11.4 

92.1 

0.4 





JJordeum Miivum 
(two rows) 

0.0 

6.7 

6.8 

Germ. 

Burst. 

8.2 

4.7 


34.2 

3.7 

56.4 

22.8 




Seealt eereale 

1.0 

1.0 

Germ. 

Burst 



76.7 

9.2 


95.0 

1.0 

Zea Mays 
** Catowber 

0.7 

0.45 

6.8 

Germ. 

Burst 

65.0 

12.6 

6 S.0 

2.3 

81B 

4.1 

80.3 

0.0 

C4.7 

0.0 



Qerm. Germination percentage. 
. Burst. Bursting percentage, 
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Irom these results very interesting facts are found. One is that the 
Percentage of genninatioii increased pro()ortiona]ly to the duration of the 
exposure of the j)ollen in the atniospliere after tlie dehiscing of the anther, 
though this relation differs according to the kinds of jdant. Th(i j)er- 
centage of bursting, on tlic contrary, decreased in proportion to tlie dura¬ 
tion of exi>osure. 

These facts lead us to considcu* tlmt the degree of drync^ss jdays an 
important r6le in genuination. It is obvious that the vcdocity of the loss 
of moisture from ])ollen grains must be variable according to the humidity 
of the air in which they are exposed. Knowlton (1922) has recognized 
this fact in his experiments on the longevity of corn pollen (see his 
tables 26 and 27). WhetlKu* any physiological changes in the polkui 
grains in a certain i)eriod, as the so-called after ripening occurs to 
secure better germination or whether any 2 )hysico-chomical changt*. of tli(5 
cytojdasm is the factor nc^cessary for the oj)timum condition for the 
germination of pollen, is the question in th(5 ])resont cast^. 

The following experiments were undertaken to study the relation 
among the genuination, the {)eriod of cxi)osure, and the degree of dry¬ 
ness of the pollen. The loss of moisture of pollen grains can be detca*- 
mined exactly by weighing them, but this is accomj)anied by some dis- 
advantges. Andronescu (191/5) stated that corn i)ollen had an average 
moisture content of about o7 ]K3r cent of its Avhole weight. ICnowlton 

(1922) determined it as from 60 to 65 per cent, i'or the sake of con¬ 

venience, we assume 60 per cent as the percentage of the moisture content 
of corn pollen. In KnoWLToi^'s exi)eriment, the loss of water from pollen 
grain kept in a desiccator was of the whole moisture content in two 
hours, that is 8.4^ of the whole weight. There is, of course, a very 

small loss of moisture in a shoii;er time in air of greater humidity. 

Therefore, unless we take a large amount of pollen, we cannot find enough 
difference to be able to ignore the error of weighing. In the following 
experiments, a more convenient method is employed. Gramineae pollen 
grains generally have a smooth surface and show great turgidity at the 
time of dehiscence of the anther, but dry rapidly and become shrunken. 
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The quantitative amount of the loss by moisture from the pollen gi’ains 
cannot be determined so accurately by the pei*centage of shrunken pollen 
as by weighing, though, shrinkage is a more delicate indication of dry¬ 
ing and is available for a practical comparisim of the mte of dryness 
of {)ollen. 


EXPERIMENT XL. 

Pollen grains which were gathered in a thin layer on a clean glass 
j)lato wore observed under the inicro8coj)e every time just before the 
culture began, and the average j)ercentage of shrunken pollen grains from 
many diftemnt fields on that plate was calculated. After the microscopical 
observation a small amount of pollen grains was taken from the plate for 
the culture. The relation between the dryness of the pollen and the rate 
of its germination and bursting was studied. 

A. Material; Pollen grains of Hordeum satmm. 

Medium : 1 agar with 0.9 mol sucrose, j)H 6.7 

Results are shown in Table LVIII. 

B. Material: Pollen grains of Secale cereale. 

Culture medium: lyo agar with 1.1 mol sucrose, plT 6.4 
Results are shown in Table LIX. 

C. Material: Pollen grains of SeecUe cereale preserved in a desic¬ 

cator. 

Culture medium: 1 agar with 1.16 mol sucrose, pH 6.5 
Results are shown in Table LX. 

I). Material: Pollen grains of Zea Mays Catowber 

Culture medium: 0.7agar with 0.45 mol sucrose, pH 6.8 
Results are shown in Table LXl. 

E. Material: Pollen gmii;is of Zea Mays Northwestern Dent 
and ^fommoth Sweet 

Culture medium : ly, agar with 0.3 mol sucrose, pH 7.0 
Results are shown in Table LXII. 
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TABLE LVIII. 

A. Two rows variety. 


Time of exposure (in hours) 

0.0 

0.5 

1 

1 1.0 

___ __ 

Porcentugc of shrunken pdlen 

0.0 

70.0 

!t5.0 

Percentage of germination 

3.2 

13.3 

22.5 

Percentage of bursting 

27.7 

1.1 

8.1 


li. Six rows variety. 


Time of exposure (in hours) 

1 

0.0 

0.5 

1.0 

Percentage of shrunken pollen 

0.0 

50.0 

1 

95.0 

Percentage of germination 

B.7 

1 7.9 

j 

24.4 

Percentage of bursting 

11.5 

3.9 

5.7 


TABLE LIX. (Sec Fig. 14) 


Time of exposure 
(in hours) 

0.0 

1 

1 

1.0 

1.5 

i'"'" 

2.0 

2.5 

3.0 

3.5 

4.0 

1 

_1 

4.5 

5.5 

Percentage of 
shrunken pollen 

0.0 

2.0 

6.0 

15.0 

! 25.0 

! 

:35.0 

45.0 

1 

50.0 

70.0 

85.0 

100.0 

100.0 

Percentage of 
germination 

22.9 

20.5 

1 

38.2 

38.7 

39.5 

55.7 

45.2 

-| 

61.0 

[ 

78.8 

70.8 

64.4 

54.8 

Percentage of 
bunting 

28.7 

( 

j 41.6 

31.8 

32.5 

1 

31.8 

i 

16.5 

17.8 

18.5 

7.0 

4.9 

1 

6.3 

5.0 
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TABLE LX. (Soo Fig. 15), 


Time of preservation 
(in hours) 

0.0 

0.6 

1.0 

1.6 

2.0 

2.5 

3.0 

Percentage of shrunken 
pollen 

0.0 

0.0 

10.0 

85.0 

98.0 

100.0 

100.0 

Percentage of germination 

29.0 

38.9 

63.9 

63.7 

64.4 

68.2 

31.1 

Percentage of bursting 

13.4 

17.4 

i 

27.4 

11.1 

12.8 

5.5 

4.1 


TABI.E LXI. (See Fig. 16) 


Time of exposure 
(in hours) 

0.0 

! 

0.5 

1.0 

1.5 

2.0 

2.5 

Percentage of 
shrunken pollen 

0.0 

0.0 

1 

0.0 

5.0 

40.0 

80.0 

Percentage of 
germination 

55.0 

5S.0 

81.3 

89.3 

64.7 

28.4 

j 

Percentage of bursting 

12.6 

2.3 

4.1 

0.0 

0.0 

0.0 


TABLE mi. (See Fig. 17) 


Time of exposure 


0.0 

0.5 

1.0 

2.0 


A 

0.0 

1 

0.0 

0.0 

4.0 

Percentage of shrunken pollen 


0.0 




B 

0.0 

10.0 

1 

50.0 


A 

40.2 

69.4 

69.5 

74.8 

Percentage of germination 

1 


11.6 

43.6 

60.1 

49.8 

B 


A 

11,5 

28.8 

18.4 

16.9 

Percentage of bursting 






B 

1.3 

13.5 , 

6.8 

6.1 











Percentage Percenlage 
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Germination —-— Bursting Slininken pollen 


Fig. 15. (Table T.X) 



rsprmination -Bursting .Shrunken pollen 







Percentage 
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Fig. 16. (Table LXE) 



Germination — —. — —Bursting .Shrunken pollen 

Fig. 17. (Table LXtt) 



Germination — — —— — Bursting Shrunken nollen 
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rUo K)ss of the \vat(^r coutont of pollen results in the dccroaso of 
turgidity first, and thou the furrowin^^ of the surface of the ])ol]eii follows. 
The percentage of th(j shrunken pollen, therefore, incrcas( 3 S very slowly at 
the l)(^,ginning hut soon ra])idly inen^ast^s to 100The inclination of 
tlie curve of percentage of shrunken ]M)lleu is, of course, steej)er in air of 
less humidity. In spite of th(^ same environmental condition, the velocity 
of the drying of ])olIeii is variable in diflerent species and varieties. As 
seen in Table JjXII, the percentag(i of shrunk(ui pollen of Nortliwestern 
Dent is 4 in 2 hours, while in “ Mammoth Sweet ’’ it is 50. Irnlepen- 
dently of the velocity of drying, the best germination was ol)tained with 
tlui pollen grains of which 60-98^^ liad shrunken, in ry(^ ])ollon ; in the 
case of corn j)ollen, with those of which 5-lOji had shrunken, and in 
the barley pollen with tliose of which 95 Iiad shrunken. 

From th(^se facts it is clear that a cei*tain dryness for a certain kind 
of pollen is needed to secure the liest germination. What can be pro¬ 
posed as an explanation of this fact? 

The pollen grains which were stored for two days in the open air of 
the laboratory, as mentioned in the following table, showed bettor germina¬ 
tion, after full recovery of their turgidity in a moist chamlior, than that 
of the pollen used immediately after the dehiscence of the anther, or that 
of the pollen usc^d before the com])lcto recovery of their turgidity. The 
first pollen gmins, which had dried once and recovered their turgidity, 
might be in a condition similar to tlie second only as to the water re¬ 
gulation of the culture medium, although the fonner might have a 
slightly less amount of resc^rve material than the latter. For this reason 
it can be assumed that the colloidal nature of the pollen membrane, 
probably the intine and the C}i;oidasmic layer, is changed by drying, and 
therefore becomes more suitable for artificial culture. 


EXPERIMENT XLI. 

In this experiment, pollen grains of Secolc cerfcdcy stored for 2 days 
in the laboratory, were cultured at 20'*G. on a culture medium of 
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agar containing 1.1 mol sucrose, and the rate of germination and bursting 
was observed after 30 minutes’ cultivation, llosults are shown in Table 

Lxni. 


TABLE LXIII. 




Stored pollen 


Fresh pollen 

Kept in a moist 
chamber for an hour 
before cultivation 

Kept in a moist 
chamber for two 
hours before culti¬ 
vation 

Number of 

pollen j^rains 

266 

265 

201 

Pcrcentapfe of 

germination 

22.9 

29.4 1 

75.1 , 

Percentage of 
bursting 

28.9 

3.0 

2.5 


3. Effects of other Conditions of the Culture Medium with a 
Consideration of the Uryness of the Pollen, 

a« Influence of the Hydrogen-ion Concentration. 

That the hydrogen-ion concentration of the culture medium plays an 
important r6le in the artificial germination of pollen has been already 
mentioned. The relation between the hydrogen-ion concentration of the 
culture medium and the dryness of the pollen is taken as the object of 
investigation in the following expetiments. 

EXPERIMENT XLII. 

In this experiment, pollen grains of Secale cereale^ exposed in the aii 
of the laboratory or stored in a desiccator^ were cultured on culture media 
of various pH values containing 1% agar and 1.15 mol sucrose, and the 
rate of germination and bursting was observed. The regulation of the 
pH value of the culture medium was accomplished by the addition of 
hydrochloric acid. Results are shown in Table LXIV—LXV!* 
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■BB 


2 3 

Time (hours) 

T^itva^ivi/v ....... filmmlrAti i^/^llAn 


on medium of pH 6.1 ® on medium of pH 6.7 
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TABLE LXV. (S(^e Fig. 19) 



pH value 
of 

medium 


Time kept in 

1 desiccator (in hours) 


0.0 

0.6 

1.0 

1.5 

2.0 

2.5 

3.0 

Percentage of 
shrunken pollen 


0 

0 

i 

10 

85 

OS 

1 

100 


Percentage of 

(I.l 

20.0 

38.0 

53.9 

6.S.7 

65.0 

6S.2 

31.1 

germination 

f).7 

31.5 

_i 

40.7 

31.0 

50.1 

56.5 

55.2 

15.6 

Percentage of 

6.1 

13.4 

17.4 

27.4 

11.1 

23.8 

5.6 

1 

4.1 

bursting 

6.7 

16.1 

17.8 

1 

27.1 

20.2 

10.6 

0.0 

3.5 


Fig. 19. (Table LXV) 



r^Aimiinoft/^n __ Tliii*afin<* SliMinlpan nnllnn 


• On medium of pH 6.1 ® On medium of pH 6.7 
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1AJ3LK LXVI. (See Fio;. 20, a and b) 


j 

pH value 
of 

medium 

Time 

0 

kept in a dc 

1 

1 1 

siccator (in h 

2 

ours) 

3 

Percentage of 




1 


shrunken pollen 


0 

20 

i 

j 100 

100 


6.7 

40.0 

65.8 

65.5 

9.3 


6.6 

45.6 

73.2 

(54.3 

4.9 

Percentage of 






germination 

6.5 

31.0 

72.3 

51.9 

9.1 


6.4 

47.1 

73.9 

61.9 

6.8 


6.2 

43.7 

78.4 

55.5 

5.6 



6.2 6.4 6.6 6.8 

pll value 

I. Fresh pollen 

II. Pollen of one hour's exposure 

III. Pollen of two hour's exposure 

IV. Pollen of three hour’s exposure 


Fig. 20 b. (Table LXVI) 

100 

90 



Time (hours) 

• Mcrliuni of pH 6.7 X Medium of pH 6.6 
0 Medium of pH 6.5 ^ Medium of pH 6.4 
0 Medium of pH 6.2 

-Germeination 

.Shrunken pollen 
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When the j)olleii grains are cultured on culture media of various ])H 
values, the germination curves ofiected hy the dryness of the pollen are 
almost imrallel (Tables LXIV, LXV, LXVI, and Figs. 18, 19, 20a, 
20b). The most suitable dryness of the pollen for germination seems to 
be independent of the pH value of the culture medium. In the range 
of pH values between 6.0 and 7.0, which plain sugar medium commonly 
shows, the dryness of the pollen has a more important effect on the 
artificial gomiination than does the hydrogen-ion concentration of the 
culture medium. For instance, in 'Jable LXVI the germination jwcent- 
age of the pollen oxi)OScd in the air for one hour ranges from 65.8 to 
78.4, while the best germination under other conditions is 64.3 

b< Effect of Various Kinds of Sugar. 

As to the si^ecial effect of sugar of various kinds upon the germina¬ 
tion of pollen, there are Martinis experiments in the Trifolium species 
(1913) and the present author’s on the relation to the polyploidy in the 
Tnfolium species, (Tables XXXIII and XXXIV). The following experi¬ 
ments were made to observe the reaction of the sugars themselves to the 
germination of i)ollen. 


EXPERIMENT XLIII. 

In this experiment, pollen grains of Zea Mays were cultured on a 
medium of 1^ agar containing 0.3 mol sucrose or galactose, and the 
effect on the germination of the pollen was observed. Pollen grains ex¬ 
posed in the air of the laboratory were used here. Results are shown in 
Table LXVH. 

TABLE LXVH. 


A. Sweet Orange ”, (See Fig. 21) 



Kind of 

pH value 
of 

medium 

1 Time of exposure in the air (in hours) 


sugar 

0.0 

0.6 

] 

1.0 

1 

1.5 

2.0 

Percentage of 

shrunken pollen 

’ 

P' i 

1 1 

1 i t 

0 

1 

6 

35 

60 

95 
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TABLE LXVIL-(Otritinued) 



Kind of 

pTI value 
of 

Time of exposure in the air (in hours) 


sugar 

medium 

1 

. 0.0 1 
1 

0.5 

1.0 

1.5 

2.0 

Percentage of 

sucrose 

7.0 

().9 

57.2 

40.7 

14.0 

0.0 

germination 

galactose 

0.0 

76.8 

01.6 

74.8 

34.5 

1.5 

Percentage 

sucrose 

7.0 

1.3 

12.4 

4.7 

1.7 

4.6 

of bursting 

galactose 

6.0 

18.5 

6.3 

4.2 

6.5 

15.4 


100 
90 
80 
70 

^60 

I 

g60 

a! 

40 
30 
20 
10 

0.5 1.0 l . r > 2.0 

Time (hours) 

— Germination-Bursting ------ Shrunken pollen 

• Sucrose medium ® Galactose medium 


Fig. 21. (Table LX VIE, A) 
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B. Northwestern Dent (See Fig. 22) 



Kind of 
sugar 

pll value 
of 

medium 

Time of exposure in the air (in hours) 

0.0 

0.5 

1.0 

1.5 

2.0 

Percentage of 
shrunken pollen 



0 

5 

35 

ro 

95 

Percentage 

sucrose 

1 

7.0 

19.3 

43.4 

25.0 

28.2 

1.3 

of germination 

galactose 

0.0 

48.2 

54.1 

44.6 

16.1 ' 

1.5 

Percentage 

sucrose 

7.0 

22.7 

20.0 

10.4 

14.8 

23.3 

of bursting 

galactose 

6.0 

47.8 

43.6 

1 

46.4 

54.2 

49.7 


Fig. 22, (Table LXVII, B) 
lue 

90 

80 

70 

i 

§60 
40 
30 
20 
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0.5 1.0 1.5 2.0 

Time (hours) 

Germination-Bursting .Shrunken pollen 


• Sucrose medium ® Galactose medium 
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C. AVliito Flint’’. (Sw Fij;-. 2)) 



Kind of 

pll value 
of 

I’.ne of exposure in tlie 

i . 

air (in liours) 


sugar 

medium 

0.0 

0.5 

1.0 

1.5 

2.0 

Percentage of 
shrunken pollen 

_ _ 1 


0 

5 

20 

55 

00 

Percentage 

sucrose 

7.0 

22.1 

.‘14.0 

:{2.4 

24.0 

0.8 

of germination 

galactose 

G.O 

50.0 

50.1 

50.0 

50.5 

28.8 

Percentage 

sucrose 

7.0 

5.6 

21.:i 

1 

ll.:5 

8.() 

of germination 

galactose 

0.0 

d4.0 

! no.s 

i 

1 ;is.7 

1 

27.8 

25.8 



0.5 1.0 1.5 2.0 

Time (hours) 


Genuination -BiirstitiR -- - - Shrunken p'/llen 

. Sucrose medium @ Galactose medium 
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D. C atowber (See Fig. 24) 



Kind of 

pH value 
of 

medium 

Time of exposure in the air 

(in hours; 


sugiir 

1 

1 0.0 

0.5 

1 

1.0 

1.5 

2.0 

2.5 

Percentage 
of shrunken 
pollen 



0 

1 

0 

3 

6 

10 

30 

Percentage 
of germina¬ 

sucrose 

7.0 

1.3 

0.5 

2.0 

16.6 

20.8 . 

26.4 

tion 

galactose 

6.0 

88.1 

04.4 

03.0 

01.5 

80.1 j 

1 

73.6 

Pcrcenhige 

sucrose 

7.0 

0.0 

0.0 

0.0 

1.0 

1.0 

0.0 

of bursting 

galactose 

1 

6.0 

0.0 

2.5 

0.0 

1 

0.6 

2.2 

2.1 


Fig. 24. (Table LXVU, D) 



Germination-Bursting .Shrunken pollen 

• Sucrose medium ® Galactose medium 
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EXPKRIMENT XLIV. 

1 ollen plains oi Zca ^layn Catowixu*won', sown iiui nod lately after 
the <lohL8ceuce of the author. A culture medium of 1 ajj^ar contain 
0.3 mol sucroHe, glucose, or galactose was used in this exjKjrimeut, and 
tiie effect on the genniuation and the bursting of tlie ])ollen was com¬ 
pared. Results are shown in Table l^XVlll. 


TARLE LXVIIT. 


Kind of sugar 

j sucrose 

1 galactose 

glucose 

pH value of medium 

7.0 

1 

ti.O 

6.5 

Percentage of germination 

0.0 

93.4 

26.1 

Percentiige of bursting 

0.0 

6.6 

0.5 


From tluise experiments we can uudei-stand tliat tin', ]>ollen grains of 
the varieties of corn used in the (‘X[)criments show the best genninatiori 
oil the galactose medium, among tlio throe kinds of sugar, and that tlie 
germination on glucose medium is better than that on sucrosi^ medium. 
In the cases of ‘‘ Swex^t Omnge and. ‘‘ Catowber such a sj)ecial elffci 
of sugar is especially marked. The jd! values of the media are very 
diffeix3nt; that of the sucrose medium is 7.0, that of the glucose 6.5, and 
that of the galactose 6.0. Such a diftcrence of the jdl value of the 
culture metlium has a cci-tain effect on tljo germination and the bui><ting 
of pollen, as alrexidy numtioned in the foregoing chapter. In order to 
know th(^ sj)ecial effect of various sugai's upon pollen germination, the 
relation between the pH value of the cultum medium and the kinds of 
sugar in the gemiinatioii of pollen must be studied. For this puri)ose 
the following experiments were made. 

EXPERIMENT XLV. 

Pollen gmins of Zea Mays were cultured on a 1% agar-medium con¬ 
taining 0.3 mol sucrose, glucose, or galactose. The pH values of the 
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nuMlia wore regulated ])y the addition of hydrochloric acid. Pollen grains 
wore sown iiuiiiodiatcly affcor the deluscence of the antlier. Results are 
shown in Table LXIX. 


TABLE LXIX. 

A. Black Starch 


Kind of sugar 

Sucrose 

Galactose 

Glucose 

pll value of medium 

1 7.0 

6.8 

6.6 

1 6.0 

6.0 

6.3 

Percentage 
of germination 

06.8 

68.3 

83.8 

j 05.0 

91.3 

64.3 

Percentage of bursting 

6.6 

6.8 

6.8 

i 

3.1 

4.5 

1.4 


B. << White Ever Green 


Kind of sugar 

1 

Sucrose 

1 

j Galactt)se 

Glucose 

pll value of medium 

7.0 

6.8 

6.6 

60 

6.0 

6.3 

Percentage 
of germination 

14.6 

17.4 

58.0 

60.0 

78.7 

12.0 

Percentage of bursting 

13.2 

10.9 

28.4 

34.9 

13.3 

55.4 


C. << Large Yellow Flint 


Kind of sugar 

Sucrose 

Galactose 

i' Glucose 

pll value of medium 

7.0 

6.8 

6.6 

6.0 

1 

6.0 

6.1 

Percentage 
of germination 

3.7 

9.0 

19.7 

30.4 

25.0 

31.0 

Percentage of bursting 

10.3 

19.4 

31.0 

43.5 

60.8 

67.0 


From these re^ldts it may be seen that when the pH value of the 
sucrose medium is ^dllsodnished, the percentage of the germination increases 
in the pollen of every ^riety, and that when the pH value of the sucrose 
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luodiuiii is C(]|tiiil to tlitit of* tho ji^jiltictoso loodiuiii, of 

gemiination in the former is equal to, or better tliaii, tliat m tlie latt(‘r. 
In the case of glucose, the gonuination of pollen is coiu])aiatively woiw 
than that of othei*s, comparing the hydrogXMi-ion concentnitioii of tlie, 
medium. In the pollen grains of << White Ever (Jaxmhowi^vcr, 
galactose shows a remarkably better eOect an<l glucose a mmarkably woi*se 
one than sucrose, thougli the ])TI x^alue of the media ai-e (xpuil. Ejom 
these facts it can l>e concluded that the gennination of the ]>ollen on a 
sugar medium is influencied more or less by tl\e s])ecial nature! of the 
sugar itself, but mainly by tlu*. |»H valium of the medium. 


Cj:.>rmin'tHon of the Pollen Oj ()ry:a Sativn. 

Oryza mtiva is tlio most inipoi-taiit cio]) ))l)iiit ill -fapan, aii<l is tlie 
most popular and iisofnl sulijoct of jilant In-oodinf’'. Tliorofoin investiga¬ 
tion of the jiollen, cS])ocially its artificial termination, is caterly ex- 
jiected, but eaidier i-esults in this direction arc^ very lure. Pajiors on tliis 
subject, as far as the writer is aware, have boon pnblisliod only by Sasaki 
(1919), and Tabata, Kikucui, and Sasaki (1929). Sasaki’s result shows 
1.\o/a gennination and that of Tabata and otheffl (34.in the ujdand- 
rice and 68.7in paddy-rice. Tlie latter results seem to be very satis¬ 
factory. The length of the polien-tnbes, liowe.ver, varies fixnn 1 to ;i2.4/i, 
which are shorter than the diameter of the jiollcn gniin. Therefore, it 
apiioai-s that pollen grains which producc<l a very much shorter pollen- 
tube than a half length of the diameter of the j»oll<m grain an* regarded 
as genuinatod ones in their data. Such a ]»ollen-tubo is called a nipjde- 
like protrusion, and has not been counted in the rate of the germination 
in the present author’s experiments. Measured by the standards applied 
in this paper, the percentage of gennination in their data will diminish 
remarkably. From this result the aitificial gennination of Oi'yza pollen 
appears even yet as one of the most difficult cases in Gramineao pollen. 
The following experiments were made for the purpose of finding out more 
suitable conditions for the artificial germination of Orym jK>llon, by using 
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the various methods which have heen utilized in the fomgoing exi)eri- 
ments. 

EXPERIMENT XLVI. 

The relation between artificial genuination and the concentmtions of 
agar, sugar, and hydrogen-ion was investigated in this experiment. Re¬ 
sults are shown in Table LXX. 


TABLE LXX.. 


No. of 

Cone, of agjirlconc. of sugar 

pH value of 

Number of 

Percentage 

Percentage 

experiment 

w 

1 (ih mol) 

medium 

pollen grains 

of germ. 

of burst. 

1 


1.0 

0.3 

7.0 

67 

18.0 

55.2 

1 

1.0 

0.3 

0.8 

95 

20.0 

60.5 


1.0 

0.3 

6.4 

83 

27.0 

34.9 

2 

1.0 

0.J33 

j 5.8 

248 

: 84.7 

— 

• 

1.0 1 

0.33 

7.0 

230 

30.4 

17.8 

o 

1.0 

0..‘13 

0.5 

151 

1 45.0 

31.1 


1.0 

0.33 

5.9 

163 

29.4 

25.8 


1.0 

0.,33 

5.4 

260 

24.0 

21.9 


1.0 

0.35 I 

6.0 

189 

32.3 

20.6 

4 

1.0 

__i 

0.35 

6.0 

1 118 

.33.0 

31.4 


1.0 

0.36 

6.0 

396 

26.5 

17.2 

5 

1.0 

0.35 

6.5 

310 

34.5 

29.0 


1.5 

0.35 

6.0 

393 

43.0 

32.6 

6 

1.5 

0.35 

5.8 

, 420 

340 

31.6 

7 

1.5 

0.40 

1 

5.9 

1 

238 

43.8 

23.1 


2.0 

0.35 

6.2 

213 

24.4 

56.3 

8 

2.0 

0.36 

6.9 

137 

31.4 

5.3.1 


2.0 

0.36 

6.6 

104 

42.3 

32.7 
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Although the host germination in this table is 84.7 the })ercent- 
ago of gonnination genemlly fluctuates from 20 j/, to 40 The medium 

which gave the best genuination (84.7ji) has not always shown such a 
high percentage of genninati<m. Sometimes no germination was obtained 
on similar medium. In other cases it cannot l)o strictly determiiKid wliat 
concentmtion of the hydrogen-ion in the medium is the most suitable, 
but about j)H 5.9 seems to bo the best condition. Agar medium of 5ji, 
used by SASAicr (1919), lias not l)een us(ul in the ]>resent exj)eriments due 
to the inconvenience of its preparation, but from the author's exiHu-unu^e 
Ifo agar is good enough for the purjiose. 

In order to investigate what change occurs in tlie chameter of the. 
j)ollen during the blooming period, the g(n*minatiou of tlie pollen taken 
at four stages,, mnging from the Hrst instant of blooming to th('. instant 
of the dehiscence of the anther, was tested. 

EXPERIMENT LXXI. 

Pollen gmins of Oryza saiim were taken at difTennit stages of l)loom- 
ing, and sown on a culture medium of 1.5^ agar containing 0.1^5 mol 
sucrcse and having pH 5.8. Results are shown in Table J^XXI. 


TABLE LXXI. 


The (irst stage : 
The second stage : 

The thinl stage ; 

The fourth stage : 


The first instant of the opening of the glumes. 
The time of apj)camncc of a half length of the 
anther out of glumes. 

The time of the filament of the stamen attaining 
its full length. 

The instant of the dehiscence of the anther. 


Stage of blooming 

1 

2 

3 

4 

Percentage of germination 

34.0 

13.7 

33.5 

30.4 

Percentage of bursting 

31.6 

34.7 

! 

i 42.9 

63.4 
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In the table the effects of each stage arc Heen to be practically equal, 
excej)t that the geniiinatiou of the second stage shows a relatively low 
])ercentage. Therefore, it may bo concluded that the pollen does not 
change its chamcter during the periods mentioned above. 

That water which is trcated with animal charcoal hfis a good effect 
on the genniiiation of seeds or on the water culture of seedlings was 
ascertained in this laboratory. Such water was used for the gennination of 
Onfza pollen (Table lAXIl) but no especially good influence was observed. 

EXPKRIMKNT XLVIII. 

In this ex^xn-iment, pollen gmins of Oryza sativa were cultured on a 
cultui'c medium of 1 yo agar containing 0.35 mol sucrose. Water used for 
the ])reparation of the medium was trcated with animal charcoal. The 
jd! value of the medium was regulated to 5.6 by the addition of hydro¬ 
chloric acid. Results are shown in Table LXXII. 


TABLE LXXII. 


No. of individual 

1 

2 ^ 

3 

4 

Percentage of germination 

43.1 

.34.8 i 

18.8 

.38.3 

Percvmtagc of bursting 

31.2 

8.4 

le.o 

16.6 


The following conditions, besides the above mentioned, werc tested 
without any es|)ecially good result: 

a. Dryness of the pollen. 

b. Addition of a small amount of CaClj to the sugar-agar medium. 

c. Regulation of the water 8Ui)ply to the polteii gmins by diffusion 

through a dry gelatine plate covering the sugarmgar medium. 

After all, in spite of better results of artificial ^rmination than that 
of the earlier workem, it is a matter of regret that it was not possible to 
got a method fully satisfactory for the artificial gextnination of Oryza 
ix)llen for pmctical purposes. 
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SUMMARY. 

1. The alkali substance which is dissolved out of a alkali glass 
effects the hydrogen-ion concontmtion of thc^ solutions. Thcrofoie glasswaie 
used for the aiiiHcial geniiination of pollen grain, especially the cover 
glass for a hanging-droj) culture, should be made of non-alkfiliiie glass. 
This precaution is the more necessiiry, the weaker the buffer action of the 
liquid. 

2. The sensitiveness of the pollen gniin to the osmotic value of the 

outer solution dej)ends on the elasticity of the pollen membmnes and on 

the consistency of the cytoj)lasni. The hydrogcn-ioii and other cations, 

which act upon the colloidal nature of membmne and cytoplasm, are the 
important factoi*s in the bursting and the genninatioii of the pollen 
gmin. 

3. The series of cations arranged according to the rate of bursting 
of pollen grains resembles that of their penotnitive j)owor. They am as 
follows; 

In the case of Tmpaiiens BcUsamina: 

Na > K > Li > Mg > Sr > RO > Ca > Ri 

In the case of Lyaichiton camischatense: 

K > Na >1.1 > UX) > Mg > Ca > Sr > Ri (O.Ol mol) 

Mg > K > Na > Li > ILO > Ca > Sr > Ba (0.001 mol) 

4. The best condition for the germination of the pollen grain and 
its subsequent growth is a suitable balance between the consistence of 
the membranes and the cyto])lasm, and the outward prcasiue in the pollen 
grain. When the 8uital)le condition in the osmotic relation is secured, 
the series of the effect of cations on germination and gi*owth resembles 
that in the bursting. In the case of Hyacinthua orimiedis it is as 
follows : 

For the germination of the pollen grain: 

Con t. > Na > K > Ca > Mg > Li > Sr > Ba 
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For the growth of the pollen-tube: 

Cont. > Ca > Na > K > Mg > Sr > Li > Ba 

The difference between these series is due to the mte of bursting of 
the pollen grains and the pollen-tubes. 

6. Concerning the germination and the bursting of pollen grains, 
there is antagonism amongst cations, especially between Ca-ion and other 
cations. 

6. Ba- and Sr-ion have such strong power to retanl the bursting and 
the germination of pollen grain, that little or no gciTnination and burst¬ 
ing is obtained in si)ite of the presence of other cations. 

7. More or loss antagonism can bo obtained between alkali cations. 

8. The influence of temperature on the growth of the pollen-tube 
differs with various species of jdants, for example, the oj)timum tom- 
I>oraturo in Thea japonica and Viola grypoceraa is 25^0. and in Hyadntlnia 
orimtalia 30^C. 

— 9. The growth curve of the pollen-tube is, at least in an artifleial 
culture medium, J -shape, resembling that of a mono-molecular autocatalji;ic 
reaction. 

— 10. The relation between the rate of the growth of the pollen-tube 
and polyploidy is diflferent between auto- and allopolyploidy. In the 
former case the mte of growth of the i)ollen-tube increases more or loss 
proportionally to the chromosome number,, but not in the latter case. 

11. The reversed situation of the nuclei in the pollen-tube, namely 
the generative or the male nuclei followed by the tube nucleus, was 
observed in a pretty high percentage on the artificial culture media. 

12. In the case of the pollen grain which develops two pollen-tubes, 
it is often observed that one of the pollen-tubes which included none of 
the nuclei could grow to about an equal length to that with the nuclei. 

13. At least in the sugar concentrations of the culture media used 
in these experiments, the better the growth of the pollen-tube the 
quicker the division of generative nucleus m the pollen-tube takes 
place, 
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14. Modi of the formation of calloso plug are claHHiKed into three 
ty|H38. A-tyi)e in a c(eiitrij)etal moduH. It is comj)oHod of a tliiii plug 
witn callose protrusions at its center on both sides. B-tyj)o is also a iuor^ 
or less contri|)etal iuckIus. The beginning of the plug gix)WH not only 
centripotally but also along the wall of the pollen-tube. The ping of the 
C-type grows from one side of the j)ollen-tube membrane to the other. 

16. The distance from one jdug to the following one is relatively 
regular in A-type and B“tyj[)e. In the former, the intervals tend to in¬ 
crease towards the tip of tlio pollen-tube while they tend to decrease in 
the B-tyj)e. In the C-tyjK3 the intervals sliow irregularity. 

16. The secretion of the stigma favours the germination of pollen 
grains, and leads the j»ollen-tubes to the entrance of the stylar canal. 
After entering into the stylar canal, the j)ollen-tubo8 gi*ow along the lino 
of least resistance in the stylo to the ovary and are attracted to the 
micropyle by a certain chemotroiuc secretion out of the jKiint. 

17. The strength of the chemotroi)ic effect of the stigma secretion 
and the sensitiveness of i)ollen-tubes to the stimulation are different in 
various species of plants. 

18. In the artificial culture of Gmmineao pollen, the dryness of the 
I)ollen grain is one of the most important factoi-s, though the oj)timTiui 
dryness for germination of the pollen grain is different in various S|)ecie8 
of plants. 

19. The dried pollen grain, after recovering its turgidity in a moist 
chamber, can germinate better than the fmsh. 

^ 20. Of course, the hydrogen-ion concentration of the culture medium 
plays a cardinal r6le in the artificial genniuation of the i)ollen grain, but 
within the range of the pH value which is usually presented by the sugar- 
agar medium, the dryness of the i)ollen grain is the more essential factor 
for its artificial gennination. 

^21. The artificial germination of corn i)ollen on a sugar medium is 
influenced more or less by the special nature of the sugar itself, but 
mainly by the accom|)anying pH value of the medium. 
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22. For tho artificial germination of rice pollen, the oj)timuni pH 
value seems to bo about 5.9, but other conditions could not be deter¬ 
mined. 

23. Relatively good results were secured in artificial gennination in 
the present exi)erimonts. 


POSTSCSRIPT 

Reference should be made to vom Berg^s paper (Beitrage zur Kenntnis 
dor Pollonjihysiologie. Planta 9 : 105—143, 1929) which was received 
after this manuscript was finished. He studied mainly the effects of the 
pH value of the culture solutions on the pollen germination and the 
growth of i)ollen-tubes, and found that various pH values of culture solu¬ 
tions resulted in two maximum germination curves in almost all kinds 
of pollen he used, having the minimum point at about pH. 5.0. Ho 
assumed from this fact that the minimum swelling of the plasma-colloid 
is {£t tho iso-electric point. 
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Fig. 1. 
Fig. 2. 

Fig. 3. 
Fig. 4. 

Fig. 6. 
Fig. 6. 

Fig. 7. 
Sig. 8. 

Fig. 0. 

Fig. 10. 


EXPLANATION OF FLATIS 

PLATE I. 

Showing two pollen-tubes out of the same pollen grain which grow to about equal 
length, though one of them has nuclei and the other not. “ ” shows the tip of 

the pollen, and “ N ’* nucleus. 

Showing two pollen-tulies which grow out of the sanie pollen train; one of them 
which has no nucleus can outgrow ^thc other which includes both generative and 
vegetative nuclei. “ G ” shows pollen grain, “ ” the tip of the pollen-tube, and 

nucleus. 

Showing the beginning of * A-type callose plug formation in the pollen-tube of 
Thea japonica var. Rpontanecu 

Showing a complete callose plug of A-type in the pollen-tube of Thea jap(miea\iiT. 
spontanea. 


PLATE II- 

Showing the beginning of B-type callose plug formation. 

Showing clear growth ring in the callose plug growing in the pollen-tube of Olivia 
nobilia. 

Showing the callose plug formation of C-type in the pollen-tube of Olivia nobilia. 
Showing vacuoles “ v ” appearing at the portion near the pollen grain in the pollen- 
tube of Lathynia odm'otua. 

Showing the nucleus ** N ’* shut out from the apical portion of pollen-tube by a 
callose plug “ P.” 

Showing a male nucleus “ N ” caught by a growing callose phig “ P.” 
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ON THE STRATIGRAPHY OF THE SANSHIKYAKU 
DISTRICT NEAR TAIHOKU. 


Keinosuke Tan. 

With 3 Text-Fip^ures, 2 Plates and a Geological Map. 


CONTENTS. 

I. Introductory. 

II. Geographical. 

III. Geological . 

A. General Aspects of Geology.. 

B. Details of the Geology . ••• 

C. The Vertical Distribution of the More Important Fossils 

IV. Conclusion .. . 

A. Geological Columnar Section ... . 

B. A Stratigraphical Correlation with other regions of Tai¬ 
wan ... ... 


I. INTRODUCTORY. 

The geology of the Sanshikyaku (Oj^P) district was studied some 
time ago by G. Hoboya/^ a mining engineer of the Govemment-General 
of Taiwan, with special reference to the coal seams developed there. 

1) Q. Hosoya:— «Rcportontbe Coalfield of Sanahikyaku” (Japanese). Publication No, 
286, Bureau of Productive Industries, Goy.-Gen. Taiwan, 1912, 
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For geologists this district is one of the most interesting and impor¬ 
tant in exhibiting the geological relations of the Neogene Tertiary of 
Taiwan. It is unique on account of the following points; (a) Most of 
the characteristic rock formations of the Neogene Tertiary of the island 
are well represented in a small area; (b) The area is close to the city of 
Taihoku, being about half an hour^s distance by train; (c) An excellent 
topographical map which includes this area, on the scale of 1:25,000, 
has been issued by the Military Staff (Land Survey Department), whereas 
for the greater part of the island, reliable topographical maps* are 
wanting at present. 

The contents of this paper are mainly the results of the stratigra- 
phical studies carried out by me during the summer of 1929, covering 
altogether aboiit 40 days.®^ As to farther investigations concerning the 
fossils, as well as the more detailed correlation of strata with those of 
the other districts, etc., another paper will be prepared in the future. 

I take this occasion to acknowledge my indebtedness to Prof. I. 
Hayasaka and Prof. T. Ichimura, under whose supervision the present 
work has been brought to this form. 

To Messrs. S. Kanzawa and S. Endo, both lecturers of the T6hoku 
Imperial University, Sendai, I am indebted for the determination of fossil 
foraminifers and plants, respectively. Thanks are due to the authorities 
of the Fuel and Ore Testing Stations of the Government-General of 
Ch6sen for the chemical analyses of the C 9 al samples of this district. 


11. GEOGRAPHICAL. 


(Refer to the following topographical maps on the scale of li 26,000: 

TOen (ttW), Nankan mSkh (»»), Taihoku-Seibu (JR^tagP), 

What I describe here as the Sanshikyaku district is a small hill 
situated about 14 km. SW of Taihoku, which occupies an area of about 
40 sq. km. 

2) A short preliminary report was published in the Transaction No. 105 (vol. XIX.),Nat. 
Hist. Soo. Taiwan. 1929, 
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In the central part of the area there runs a waterflhed ridge, of 
which the highest i)eak is more than 400 m. above sea level, trending from 
NE to SW; the north-western side of the r^dge deconds to the extensive 
gravel-covered tableland, and the south-eastern side goes down abruptly 
to the level of the Taihoku basin. 

Though a number of young valleys develop on the sides of the 
ridge, they are all small in scale. However, the hill is bouned on two 
sides by more or loss conspicuous rivers. The one runs along the 
northern border of the area, flowing toward the east, following the fault 
line separating the gravel bod in the north from the Tertiary foi-mation 
in the south : this river has no definite name. The other, called Toshikb 
western border, flows along a certain tectonic lino, its 
upper course and a tributary being almost at right angles to the main 
stream; this presumably being duo to the phenomenon of beheading. 

The topography of the district, as a whole, is very young, but its 
valleys with wide mouths and rugged ridges make a striking contrast to 
the extensive, flattopped, gravel-covered tableland, incised by deep, nar¬ 
row gorges, seen on the north (PI. 1. Fig. 1, Fig. 2). 


III. GEOLOGICAL. 

A. General Aspects of the Geolosry* 

The sedimentary formation consists of beds of sandstones, shales, 
alternation of sandstone and shales, with subordinate calc-tuff beds. 

These rocks make an anticlinal structure with the axis running from 
NE to SW, and pitching up in the NE. The anticline as a whole is 
overturned toward NW, as can be judged from the trend of strata in the 
eastern and northern parts of the hill (see profiles and geological map). 

The strike of the strata coincide roughly with the direction of the 
anticlinal axis ) the anticlinal structure being well observed at Taikochb*. 

♦At the east of the house of Gan Jam, 200, TaikochO, ShakOchO, ToshikO, Kizan-shO. (aiil 
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The inclination of the strata gets steeper from the ridge toward the 
bordering parts of the hill, that is, S'-SO’ at the ridge and 60^-70“ at 
the margin. 

The succession of the rock formations of the Sanshikyaku district is 
divided into three, as follows (from above); 

Tableland Gravel Bod. (A) 

Kizan (UlU) Group. (B) 

Sanshikyaku Group. (C) 

Of these, the Sanshikyakn Group, the main body of the anticlinal 
structure, is subdivided into the following four Beds. 

i Upper Marine-Fossil Beds. (IV) 

Lower Coal-Bearing Beds. ( I) 

There is no stratigraphical break between any two of these Beds, while 
the Sanshikyaku Group comes into contact with the Kizan Group by a 
fault, and the latter is overlain uncomformably by the Tableland Gravel 
Bed. * 


As to the igneous rocks, we may mention only the occurrence of 
some basic intrusives, namely, olivine basalt and tessenite, together 
with related pyroclastics.’^ The olivine basalt, as will be explained in 
the following pages, occurs as sheets, its tufaceous and agglomeratic 
equivalents occasionally taking its place (as the agglomerate at the upper 
course of Toshikb), the latter generally associating with the Tjqndocydim 
Zone of the Low. Marine-Fossil Beds. The tessenite is found as dykes 
intruding into the Sanshikyaku Group. 

A conical hill called Senzan which rises on the Tableland 

Gravel Bed at about 1.6 km. to the SW of the (^ka (j||^^) railway station 
is an attractive feature in this region. The hill is an erosion remnant of a 
basalt sheet (olivine basalt) now exposed overlying the platy sandstone of 
the Sanshikyaku Group, the dip at the foot of the hill being toward SW. 


1) For igneous rocks, see the following paper; 

loHiMUBA, T.:— ** On the basalt and agglomerate, associating with the tuff beds in 
the Tertiary formation near the City of Taihoku ** Trans. Nat Hist Soc. Formosa, 
Yol. XIX, No. 109. (in Japanese] 



On the Straiigraphy 0/ the SanelUkyaku District. 


203 


B. Details of the Geology. 

(A) Sanshikyaku Group (Possible total thickness 2200 m. H-) 

(I) Lower CocU-Bearing Beds. 

This is the lowest division of the total succession, and is exposed 
in the central part of the area. According to the diflbrence of the lithic 
characters, it is subdivisible into two parts, the upper being the coal- 
Bearing Proper and the lower, the white coarse-grained sandstone. 

(i) White Coarse-grained Sandstone. Light grayish in colour, very 
thick and widely distributed in the coal fields of the northern part of 
the island. Thickness unknown. 

(ii) Cool-Bearing Proper. 260 m. in thickness. It consists of an 
alternation of beds of sandstone and shale. The sandstone is chara¬ 
cterized fay ripple marks and ferruginous, slag-liko, reddish-brown incru¬ 
stations. 

The coal seams are variable in number, but there is only one 
workable seam which is about 30 to 50 cm. thick. It is a brittle, bitu¬ 
minous coal with a strong luster. No apparent difference exists between 
this and the coal of the Upper Coal-Bearing Beds. It has been believed 
that coals of the various beds of northern Taiwan can be distinguished 
according to the difference in their caking power. But such a difference 
is not so evident as expected, at least, in the coals of the Sanshikyaku 
district, as will be seen in the table of their chemical analyses which 
follows (Table I). 
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TABLE I. 


Analyses of Specimens of Various Coal Seams. 


N. Con- 

\rtltuents 

Samplesx^^ 

Moi¬ 

sture 

Volatile 

Matter 

Fixed 

Carbon 

Ash 

Sul¬ 

phur 

Calorific 

Fower 

Caking 
or not 
Caking 

Specific 

(Jravity 

Horizon 

of 

Coal-Seams 

No. 

1 

4.83 

32.66 

58.88 

3.66 

1.57 

7155.7 

Caking 

i.i;9o 

i 

i 

No. 

2 

3.19 

37.72 

51.65 

7.44 

058 

(>908.7 


1.324 











a 

to 

No. 

3 

3.56 

44.64 

48.25 

3.55 

2.80 ^ 

7071.9 


1.295 

i 

s 

1 

No. 

4 

3.63 

43.79 

47.12 

5.46 

2.01 



1.282 

e9 

i 

* No. 

6 

4.03 

40.63 

63.32 

2.12 

1.42 

7416.7 


1.313 

u 

o 

No. 

6 

2.42 

34.71 

61.20 

1.67 




1.286 

1 

p 













No. 

7 

3.88 

31.08 

57.59 

7.46 

0.86 

6741.0 

less 

1.301 










caking 


^4 

No.. 

8 

1.62 

34.42 

61.75 

12.21 

1.10 

7166.1 

Caking 

1.303 

¥ 









More or 


^ to 

a: O 

No. 

9 

3.83 

31,31 

63.06 

1.78 

0.85 

7412.0 

less 

caking 

1.308 


1 

No. 

10 

3.03 

36.74 

56,06 

4,28 

0.61 

7165.1 

Caking 

1.310 




LOCALITIES OP SAMPLES 

Ko, 1, ShOfuto (SHftS;) No. 2, PinaikO CISEWSl) No. 3, Taikekft CfzIKSO 
No. 4, Reikyaku CttW) No. 6, PinaikO CJftrtift) No. 6, TaikocH SyagokO 

OttaeCAlffllS) No. 7, Tataeiko CAim) N«C 8, ToshikO 
No. 0, Okflahi CWaCTO No. 10, ToahikO C®f-ifcl:5Stefe») 

(11) Lower Murine-Foseil Beds. (Possible total thickness 000 m. +) 
This is composed of beds of sandstone, shale, alternation of sandstone 
and shale, with sabordinate oalo-tufF. Sandstone is mioaoeous, dank grayish 
in colour, and medium grained, and is sometimes either mote ot less 
tufaoeous or arfcosio. In this formation three characteristic fossil zones 
are recognized, namely, Lqndooydim Zone, Peofen Zone, and DUrtqia 
Zone: they play the part of important key beds in the stratigraphical 
research of this district. They are briefly described as follows. 
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(i) Lepidocydina Zone, Saudstono intercalating shale and calc-tuff, 
about 60-70 m. in thickness. 

The calc-tuff which is fossil-bearing {Lepidocydina and others) varies 
a great deal in its character, from a limestone at one extremity to a 
tuff at the other. In Sanshikyaku district, generally sj)eaking, limestone 
predominates toward the west, and the tuft' toward the east. The lime¬ 
stone exposed at the temple ^‘Hakiiunganji^^ Toshik6 and the 

tuff in the valley of Pinaiko are representative. 

When fresh, this calc-tuff often shows cross-bedding, and when 
weathered and decomposed, it assumes a reddish brown colour on the 
exposed surface, which gives a clue to the recognition of its existence 
from a distance. 

From this Lepidocydina Zone, we have obtained Lepidocydina verbeeki 
N. and H., Jdxogypdna millepnncioia Yabe and Hanzawa, iHogypsina 
deltaartii var. jormosenm Yabe and Hanzawa among foraminifers, and 
Cdlepora jormoseam N. and H. Pecten sp., Echinonem sp., Ditrupa sp., 
Idlhothamnium sp. 

Typical fossil localities; 

a) Pinaik6 : near the railway station of Jurin 

inclunding two excellent, and probably the best known exposures. At 
one we find a tufaceous band of about 4 m. in thickness which is practi¬ 
cally a heap of the shells of Lepidocydina. (PI. II., Pig. 2). 

b) TaibAkd 

0 ) Toshikd 

d) Bato (4 m) 

Fig. 1. shows the details of this zone as is observed at Pinaik6. 

(ii) Pecten Zone. About 100 m. above the Lepidocydina Zone, and 
about 160 in. below the Ditrupa Zone, we have a bed of fossiliferous 
sandstone, which is not more than 3-5 m. thick and contains Pecten 
praerignie Yok, in abundance. This is the Peden Zone. This zone has 
not yet been traced so thoroughly as the other fossil zones, so that it 
can not be represented on the geological map. It is, however, certain 
that the zone is found not only in the Sanshikyaku district, but also in 
several other districts in North Taiwan. 



206 


K. Tan: 


The fossils obtained are Peden pramgnia Yok., Cardium sp., Circe 
sp., Peden (Vbia) sp., Madra sp., Cueullaea sp., Area sp., Poainia sp. 

Typical fossil localities: 

a) On the ridge to the 
north of Taikochd, Shagokfi. (M: 

b) On tho ridge to the 
east of Sh(ishit6k6. 

c) In the upper-most course 
of the river of To8hik6. 

(iii) Dttnipa Zone. About 
250 m. above the Lepidocydina 
Zone there comes the DUrupa 
Zone. This is nearly 20 m. in 
thickness, and consists of more 
or less hard, calcareous sandstone 
which is rich in Diirupa as well 
as in Cellepora cfr. formoaenais 
N. and H., Schizaater sp. a and 
several molluscs. 

The outcrops of the DUrupa 
Zone generally form crests of 
hogback structure, (PI. I., Fig. 
2) owing to its hardness. 

Typical fossil localities; 

a) CkdBhi (PI. 

n., Fig. 3) 

b) Sekkwaikft 
o) Plnaikd 


(in) Upper Coal-Bearing 
Bed. (Possible total thickness 
^ Fig. 1. Lepidoeytiina tone exposed nt PinaikA 600 m. + ) 
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This consists mainly of alternating betls of sandstone and shale, 
and forms the cardinal parts of both of the north and south anticlinal 
wings, together with the overlying Up. Marine-Fossil Beds. 

The lithic character much resembles that of the Low. Coal-Boaring 
Beds. 

Two worfcable coal seams are in this formation, and another less 
conspicuous one is exposed at places. The workable seams are 30-70 cm. 
thick. 

The following plant fossils have been found in the bed of platy 
sandstone underlying the lowest coal scam at Pinaikft. 

1. Meua JUliaofdia Heeb. 

2. Fieua ? sp. 

3. Cassia sp. 

4. Cinnamonum cf. C. vera Bebey. 

6. Podogonium ? sp. 

Fossil localities: 

a) Pinaikb. 

b) Shdfukd. 


(IV) Upper Jlarine-FossU Beds. (Possible total thickness 600m. -f) 
This is composed of medium grainetl sandstone and shale, the sand¬ 
stone being dark gray to brown in colour, sometimes green because of 
its glauconite content. When the sandstone is massive, it is considerably 
thick, otherwise it makes alternating beds with shales. 

This is characterized by the following throe fossil zones, of which 
the lowest one has been relatively well observed. 

At Pinaikd, about 1 km. to the NW of the railway station of 
Jurin, and about 100 m. above the Upper Coal-Bearing Beds, there is 
exposed a fossiliferous rock, about 20m. thick, containg imperfect remains 
of molluscs. Within this zone there is sandstone band which is 30 cm. 
thick and is full of Operetdiva bartsold Cush. Because of this foramini- 
feiDUS band the lowest of these three zones is named the Operoulina 
barladd Zone (or Zone I). At Taikftkb about 160 m. higher 
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than this horizon, the Opereulina venom Zone (Zone II) lies. This is rich 
in Opereulina venom (F. and M.) and some molluscan fossils like Ostrea, 
Pecten, Area etc., also occur. Next, 2ione III comes, about 200 m. 
higher. This is represented by Opereulina venom (F. and M.), lexhilaria 
sp. Peden sp. Area sp., Macoma sp., Lima sp., Solen sp., ReUpora sp., 
ClppeatAer sp., alF. 0. vireaoena Doo., Dentalium sp. 

Typical fossil localities: 

Operevlina barteelii Zone. 

a) Pinaikb 

b) Gyfttokb 

c) At the North of Batd (i^^) 

Opereulina venom Znoe. 

a) Taik6k6 

b) Pinaikd 

Zone m. 

a) At the railway cutting near the station of Sanshikyaku 

b) At the railway cutting about 600 m. east of the station 
of 6ka (iRl^) 

(B) Kiran Group (Thickness; unknown) 

The rocks which constitute the foimdation of the Tableland Gravel 
Bed, extending to the north and west of ^nshikyaku district, are, as a 
whole, called the Kizan Group, named after a village (represented on 
the map by the name of ^Shinrokb" (UPfSS’^)) which they are 

well exposed). 

The Kizan Group, separated from the Sanshikyaku Group by the 
fault and overlain by the Tableland Gravel Bed imoomformably, is 
composed of sandstone, shale, shaly sandstone, intercalated with thin 
coal seams (1-3 cm. thick) and marine-fossiliferous beds. They are 
bluish'gray in colour, are soft and are easily distinguished from other 
groups. This group, however, is exposed only in a limited area in this 
region and has not been studied in detail. 
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Near the boundary of the Sanshikyaku Group they strike from NE 
to SW, dipping 50’-60’ towanl SE, but as to the general trend of the 
strata nothing dednite can bo said at present. 


(C) Tableland Gravel Bed. 

It is evident tiiat the Tableland Gravel Bed overlies the Kizan 
Group clino-uncomformably. The latter Group is rather strongly distur¬ 
bed, while the former lies horizontally everywhere above the latter. 
Moreover, in the Gravel Bed, blocks and pebbles derived from the Kizan 
Group are found very commonly, as for instance, at the road-cutting 
near the place called Juzangan 

The blocks in the gravel sometimes attain up to 70cm. in diameter: 
they are either of older rocks which form the Backbone Bange of the 
island, or of those of the Sanshikyaku and the Kizan Groups. 

The Gravel Bed is covered by a red soil, the so-called ^Gateritic 
soil not more than a few meters in thickness. The Gravel itself 
often apj)ears to be cemented with a similar red matrix, though this 
appearance is limited to its upper portion, just below the red soil. 

The height of the surface of the Tableland Gravel Bed differs in 
two sections of the region, viz., in the west and in the north-east. In 
the former section it is about 100m. above sea-level: it is on this that 
the town of T6en stands. In the north-eastern section, the height 

is about 240 m. and extends close to the foot of Kwannonzan (||#lll)> 
a dissected extinct volcano. 

The thickness of the Gravel Bed varies a great deal, but it is esti¬ 
mated at 60 m. or so within this district. 


C. The Vertical Distribution of the More Important Fossils. 

The vertical distribution of the more important fossils in this 
district is summarized in the following table (Table II). 
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IV. CONCLUSION. 
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Fig. .2 Oeologioil Columnar S^tion of 
Ibe Sanahikjraku Piatrict 


A. Geological Colummar 

Section. 

The above stated geolo¬ 
gical succession of this district 
is summarized in the follow¬ 
ing ' columnar section (Fig. 
2 ). 

B. Stratigraphical Corre¬ 
lation with Other Regions 

of Taiwan. 

The area studied by mo 
is a rather limited one, hut 
the stratigraphical relations, 
I believe, have been quite 
well established. In order to 
have the results rightly under¬ 
stood I will try to make a 
comparison of the rock suc¬ 
cession of the Sanshikyaku 
district with those hitherto 
published of the other parts 
of the island. 

First of all, the strati- 
grapbical division proposed in 
1928 by Y. 6inotje and 
others of the Imperial Geolo¬ 
gical Survey, Tokyo, for the 
Tertiary formation of Taiwan 
should be taken into account: 
this division has fovmd general 
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acceptance among the geologiats in Taiwan.*^ I am quite sure that the 
Sanshikyaku Group in my field corresponds to the greater part of the 
Up. Arisan Beds, and the Kizan Grouj), to a jmrt of the By6rit8u, 
respectively. 

More recently, Y. Ichikawa, geologist of the Govemmet-General of 
Taiwan schemed a detailed stratigraphical division of the formations 
developed in the coal fields of the northern part of Taiwan. Although 
the details of his work has not yet been published, they are partly 
embodied in the three geological sheets recently published by the Gove- 
rnment-GeneraP^ Ihey are also found in one of the recent works of 
Y"abe and Hanzawa on the fossil foraminifera of Taiwan®^ being quoted 
from ICHiKAWA^s paper read by him, on the occasion of the 32th Annual 
Meeting (Sendai) of the Geological Society of TokyA 

The following is the table of comparison between his and my divi¬ 
sions, in their essential features (Fig. III). 


1) The stratigraphical divisions are 
IH. Pleistocene 

rShokkdzan Bedr 

IL Tertiary < flipper Arisan Beds 

(Arisan Beds ) 

(Lower Arisan Beds 


L Pre- Tertiary. 

2) Tden (^); Tikuto (^^rK); Taihoku 

8) Sci. Bep. Tehoku Imp. Univ. 2nd. ser. voVSTIV., No. 1. Of their stratigraphical divisions, 
the Kaisaa Bed. includes the Sansliikyiil^^^^l^p of the region under consideration. 
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Fig. III. 

Stratigmphical Comparison 
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Post-Script :—While this paper was in press I happened to hear 
about the gas seeps at two places in the upper course of the Toshikft, 
the chemical constituent of the gas being as follows.*^ 


Date of Sampling 

20th., Aug., 1931. 

Date of Analysis 

2l8t., Aug., 1931. 

Average Atoms, l^res. and 

Temp, during the Analysis 

756. 4 mm.; 30°C 

CO^ 

6.30 y. 

Cm Hn 

— 

Oj 

0.22 

00 

0.27 

CH, 

83.55 ro 

H* . 

0.16 fi 

Ns 

10.50 94 

B. T. U/ft», 60<>F. SO” wet 

839.4 


(Xnalysed by the Goverment Central Reserch Institute, Taiwan; not published.) 


For the^e InfonQatipns J[ am indebted to YAMAsmrA and T. Kdxo. 















PLATE 1. 



Explanation of Plate I, 


Fig. 1. A north-east view from near Bat6 on the water-shed ridge of the Sanshi- 
kyaku district showing the fiat topography of the Tableland gravel, with 
Kannonzan, an extinct and ruined volcano, rising above the level of the 
table-land. The table land is rather sharply dissected by valleys as is 
shown in the front. 


Fig, 2. An example of the hogback structure characteristic of the Tertiary 
regions of northern as well as southern parts of Taiwan. The picture repre¬ 
sents a part of the soutliern slope in the valley of Taik6k6, showing a ridge 
of sandstone bed interbedded with much less resistant shale beds. 



K* Tan : Sans^iihj iku nistrict. 
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PLATE II. 



Explanation of Plate II. 


Fii^. 1. A hand specimen of sandstone with OfercuUna bartschi^ belonging to 
the Upper Marine-Fossil Beds. The specimen occurred at Gyfttok6. Note 
the mode of occurrence of the foraminifer. 


Fig. 2. A hand specimen of Lefidocydina rock from Pinaik6, showing the very 
abundant occurrence of the foraminifer. This rock blongs to the Lower 
Marine-Fossil Beds. In the neighbourhood of Pinaik6, /.. verbeeki is 
naturally washed out in profusion. 


Fig. 3. A typical example of the occurrence of DUrufOy the specimen having 
occurred at Okdshi. This is a calcareous sandstone occupying a position 
about 220 m. above the Lefidocydina zone referred to above. 



pi. IT. 
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INTRODUCTION. 

It is noteworthy that many kinds of alkaline rocks have been disco¬ 
vered in Korea during the last decade. As far as is known at present 
the occurrences are restricted to the northeastern part of the peninsula, 
the principal localities being to the north and south of Kankyo-db where 
Pre-Miocene has mostly been assigned to these rocks. 
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In the frontier region, analcite-bearing rocks are abundant in the 
Tertiary coal fields which extend from Kainei up to Onjo 

and Keigen particularly in the Kainei-Shojo (JUJjft) district, 

whore they were intruded into the Tertiary rocks as sills, dikes, and 
laccoliths. The most common of these is trachydolerite which is often 
associated with such minor differentiation products as alkaline syenite, 
alkaline gabbro, olivine trachybasalt, basanito, and subalkaline rocks. 
Some of these rocks also occur in the Tertiary area of Manchuria which 
is separated from the Kainei district by the Tdman-ko (Sfidill)- 

The writer has also studied a similar type of trachydolerite in tlie 
specimens given him by Mr. SiiiGA, who collected them in the Tertiary 
areas of Ku Lung Shan (Wang Ching Hsieny^ Hei Shih Ling (Annur 
Hsieny^ and on the summit of Yen Chi Ling (Yen Chi Hsienf^ in 
North Manchuria. The trachydolerite commonly found in the Kainei 
district frequently shows similarity in many points to the teschenite 
from the Taihoku district of Taiwan (Formosa). In the Taihoku district 
teschenite forms sills between the Miocene sediments. During a recent 
trip through San Luis Obispo and Ventura Counties of California, the 
writer also had a good opportunity to see some largo sills and laccoliths 
of analcite-bearing diabase^^ which is more or less similar to the trachydo¬ 
lerite from Korea, particularly in the association of minute dikes or 
masses of alkaline syenite. The rocks are now being investigated by Dr. 
N. L. Tall4FBRRo'^ of the University of California. 

In the frontier region of Ch6sen (Korea) analcite-bearing rocks are 
restricted to the Tertiary area. Enormous faulting occurred after their 
intrusions, but no evidence was found of an earlier faulting which 
brought up the alkaline magma from a depth, as supposed by Mr. 
Yamanabi®^ in his paper on the alkaline rock province surrounding the 

4) H. W. FAiRitANKSOn Analcite Diabase from San Luis Obispo County, California. 
Univ. Cal. Publ. Geol., Vol. 1 (1895), pp. 278-m 

5) N. L, Taliaferro: —^Analcite Diabase and Belated Bocks in California ;Abstracts). 
Geol. 8oc. Amcr. Program (Cordilleran section), 1930, pp. 9-10. 

6) F. Yamanari t'-Cenosoic Crustal Movements and Volcanic Activities of the Alkaline 
Bocks Begion surrounding Japan Sea ^in Japanese). Jour. GooL Soc. TOkyO^ Vol. 
Xt. (1928), No. 474, pp. 471-477. 
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Geological Map of the Kainei ShOjd district showing the distribution of the alkaline rocks, 





































Alkaline Becks from the Frontier Region Near Kaind Chosen (Korea). 
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Japau Sea. And, in addition, no evidence was found of a relation 
between the occun*enco of alkaline rocks and limestone as contended by 
Dr. Daly.*^ 

The writer-^ has already published jiroliminary notes on the occur¬ 
rence and i)etrological character of these rocks, soon after the completion 
of the field work on the frontier coal fields which was done under the 
Government of Ch6sen. Some typical specimens wore sent to T6hoku 
Imperial University of Sendai, where chemical studies were made by Prof. 
Kozu and Prof. Sbto. The msiilts were presented by Prof. KAzu'*^ to the 
Fourth Pacific Science Congress. The x^i*esont xuix)er is the result of a 
further study of those alkaline rocks made by the writer at Taihoku 
Imperial University and the University of California. 

The writer is- much indelited to Prof. Kozu and Prof. K. Seto, as 
well as to Mr. T. Kono, for the chemical analyses of the spocinicns. I 
wish to thank also Prof. N. L. Taliaferro, of the University of 
California, who has offered many helpful suggestions. In addition, tlio 
writer’s thanks are due to Mr. S. G. Clark, of Berkeley, for his critical 
reading of the preliminary manuscrii)t. The manuscripts of this and 
the next articles, having been sent from abroad to Prof. I. HAyA>SAKA 
for publication, must necessarily trouble him in every way in being 
printed : the writer is deeply indebted to him. 


GENERAL REMARKS. 


In the frontier region the area which is occu[)ied by the Tertiary 
sediments is hilly and poorly forested, making a distinct topograi)hical 


1) R. A. Daly: —Igneous Bocks and Their Origin, 1914, p. 410. 

2) T. IcTHiMURA ;—On Basalts in the Kainei District, N. Kankyfi-dO, Chdsen (in Japanese). 
Jour. Geol. Soc. TdkyO, Vol. XXX (1922), pp. 41.‘^428. 

T. IcHiMURA ;—Preliminary Notes on the Mode of Occurrence on the Alkaline Syenite 
in the Kainei District, Korea. Jap. Jour. Geol. and Geogr., Vol. HI (1924), No. 3-4, 
pp. 101-103. 

3) S. KOzfj and K. Seto The Chemical and Microscopical Studies of Some Korean 
Bocks, Abstract of Paper from the Fourth Pacific Science Congress in Java (1929). 
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contrast to the surrounding mountains of granite and Palaeozoic meta- 
morphics. This monotonous area, however, is frequently interrupted by 
j)eculiar reliefs due to the intrusion of analcite-boaring rocks which are 
particularly common in the Kainei-ShftjA district (PI. I). These intru¬ 
sions have sometimes been carved by erosion to characteristic mesas, such 
as Sanjft-san (UjifRilj), Nyun6-h6 and Gokokujftshi 

and sometimes to typically dome-shaped masses, while others have more 
or less complicated forms, as shown by Kacchd-hft Sho-h5 m 

m), Sh6chdd68oku-8aa Sh6h6-8an Soigi-h6 

and Mafun-san which often rise over 700 meters above 

sea-level. 

The analcite-bearing rocks found hero are mostly trachydolorite, 
olivine trachybasalt, and basanite, and arc sometimes associated with 
alkaline syenite, alkaline gabbro, and glassy basalt. The alkaline syenite 
forms small dikes and oval-shaped masses in the dikes and laccoliths of 
trachydolerite and is not widely distributed. Most of the other rocks 
associated with trachydolerite grade into it within the same mass. The 
intrusions occur as sills, laccoliths, or dikes. The laccoliths often become 
thin at their borders, resembling sills. Both sills and laccoliths are occa¬ 
sionally seen to be connected with dikes descending from their bases. 
Those dikes are considered to be the vents through which the magma 
rose. 

At the contact with the intrusions, the sediments show a low grade 
of motamorphism, giving changes in color, dense flinty-like hornfels, and 
the alteration of lignite to natural coke, anthracite, and coking coal. 

TRACHYDOLERITE. 

( 1 ) Distribution and Mode of Intrusion : —As will be under¬ 
stood from the following description of individual occurrences, trachy¬ 
dolerite is only intruded into the Tertiary rocks. In these rocks it shows 
a wide lateral and vertical range, occurring as dikes, sills, and laccoliths. 
The disturbance of the Tertiary rock is partly due to these intrusions, 
but is mainly due to the great diastrophism which came at a later date. 
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Sometimes trachydolerite is noticeably diflfereiitiated from tte contact 
zone toward the center of the body: this being more noticeable in the 
larger bodies. In many cases columnar or tabular jointing was formed 
during the cooling of the sill, the two types often occurring together. 
The best examples are to bo seen at Gokokiijftshi, Kat6-d6 (T'JSf® 

IV, b), Endaigai Shink6-d6 etc. At these localities 

the columns have a square or pentagonal sectiou, one mf^ter or more in 
diameter. They are often crossed by tabular cracks, six to twenty centi¬ 
meters apart. Such jointing is usually very distinct along the contact. 
Trachydolerite weathers very easily, beginning with zeolitization and the 
formation of onion structures and then disintegrating into loose, sandy 
materials. 

One of the most extensive exposures is found along the valley near 
B6tan-d6 where it occurs in the middle coal-bearing bods and 

is separated from granite by a thin layer of sediments. The trachydo- 
lerite forms an irregular laccolith which has a maximum thickness of 
about 200 meters. It is partly covered by patches of shale and sandstone 
which are erosional remnants of the upper contact and of xenoliths. 
The eastern side of this laccolith is cut by a NE-SW fault which has 
brought it into contact with the granite of B6ttm-rei 

Along the Saisen-d6 valley many dikes and laccoliths, at 

the hill of Sh6haku-d6 have been intruded into the Tertiary 

sediments. 

In the area between K6e and Kainei the relations are more 

complicated. Here many laccoliths and sills of variable dimensions 
have been intruded into the interbedded sandstone, shale, and conglo¬ 
merate. It has a very irregular distribution on the hummocky hills of 
Kyushin-d6 and Shaot8u-d6 where it forms sills and 

laccoliths in the middle coal bearing horizon or in the overlying shale. 
The trachydolerite is more conspicuously exposed on both sides of the 
Hachiotsu (AS) River. The characteristic reliefs, as shown by Sh6ch6- 
d6soku-8an, Nyun6-h6, Mafun-san, and Seigi-h6, are made up of laccoliths, 
while those of Sanj6-8an, and Sh6h6-san are sills (PI. II). Most of them 
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are surrounded by talus which often obscures the contact of the intrusives 
with the Tertiary sediments, Among them the sill of Sanj6-san abruptly 
projects out of the gently sloping hill which is largely covered by talus. 
The maximum thickness is approximately 150 ra. and the highest j)oint 
is 740.6 m. above soa-lovel. A very steep cliff occurs along the southern 
side. The sill appears to have been injected into the upj)er horizon of 
the Tertiary sediments, but the relations are almost entirely obscure 
because of the poor exposures of the sediments. 

The body, which is poorly exposed near Gensan-(16 was 

intruded into a still lower horizon. On the east it is tenninated by a 
fault movement along which is caused the local exposure of granite at 
K6ju-h6 The sill extends southward across the Hachiotsu River 

and is probably connected with the sill of Sh6h6-san. 

The largest laccolith is that of Nyun6-h6 which covers 7.75 sq. km. 
and has a maximum thickness of approximately 500 m. This laccolith 
was intruded into SW-dipping beds of shale and sandstone. Immediately 
to the northwest another laccolith forms the Sh6ch6d6soku-8an. It is 
separated from the Nyun6-h6 laccolith by shale beds. It was probably 
intruded into a horizon a little higher than the middle coal-bearing beds. 
In the upper Shakatani Valley the laccoliths of Seigi-h6 and 

Mafun-san, associated with many sills and dikes, occur in well exposed 
sediments which belong to the middle or lower coal-bearing beds. 

The isolated area of Tertiary sediments extending from Ryuk6-men 
(fiftffi) to Ryukei-men is also an important locality for tra- 

chydolerite. The area was tilted up when the western side was uplifted 
along the major fault line which trends northeast to southwest, passing 
the eastern slope of Sanj6-8an. Excellently exposed laccoliths and sills, 
among which are Kacchu-h6 and Sho-h6, cover the most of the northern 
half of this area. A most interesting example (PI. Ill, a) can be seen 
along the valley extending south from Kyokusui-d6 At this 

locality a laccolith is separated from an imderlying sill by approximately 
70m. of Tertu(|ry shale. 
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The occurrence of trachydolerite is well known in the western part 
of the Kainei coal field where the Tertiary sediments-extend across the 
T6man-k6 into the Chinese territory. On both sides of the river aie 
many sills sometimes accompanied by dikes. The old castle called Goko- 
kuj6shi along the T6man-kA (PI. Ill, b and PI. IV, a) rests on a chara¬ 
cteristic sill, which is somewhat concave upward in the central pai*t. 
Its thickness gradually increases toward the northern or western sides, 
where it reaches 60 m. Although the relations arc somewhat ol)scurcd by 
talus, it was found to overlie the middle coal-bearing beds, just above 
conglomerate layers. The sill is thinly covered by the alternately bedded 
shale and sandstone. Another part of this sill, sepamted and tilted by 
a big fault along the Hootsu (]|)2j) Kivcr, is found between T6d6-toku 
ZenghihMoku "J^his part is larger than that 

of Gk)kokuj6shi and is traceable for a distance of 8 km. from north to 
south, being cut off to the north at Kat6d6 by a fault and thinning 
out to the south on the south side of the Ilbgi coal mine. Its thickness 
reaches its maximum at T6d6toku where it is approximately 100 m., but 
that gradually decreases again toward the southeast, as shown by the 
diamond drill cores. This part of the sill was injected into the same 
horizon as that of Gokokujftshi and the s])ora(lical distribution of minor 
isolated sills near J6t6-d6 Shimosai-d6 appears to 

indicate an original connection between them. The sill is probably 
genetically related to the large dike which is discontinuously exposed 
for about 7 km. to the opposite side of the frontier, past Kando-hb (iJ*i 
and Endaih6 

(2 ) Megascopical and Microscopical Characters : -The trachydo¬ 
lerite commonly found in this district is a holocrystallino and compact 
rock, with a black or dark grey color. The gmin size is variable, parti¬ 
cularly within the large bodies. In such cases it is commonly fine grained 
in the marginal facies with an increase in grain size toward the interior. 
Some of the trachydolerite is aphanitic, while other parts are porphyritic, 
often being characterized by a mottled appearance due to the minute 
aggregates of feldspars and ferro-magnesiau minei'i^ls. It very commonly 
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Bhowfl a doleritic or ophitic texture under the microscope (PI. VI, a, h 
and PI. VII, a, b). The trachydolerito shows gradual transitions into 
differentiation products, such as alkaline gabbro, olivine trachybasalt, 
basanite, and glassy basalt. 

The usual constituents are plagioclase, pyroxenes, olivine, biotite, 
magnetite, apatite, analcite, etc. However, there are local variations. 
Ferro-magnesian minerals are sometimes altered to secondary chlorite, 
serpentine, and nontronite. Among the primary constituents, plagioclase 
generally occurs in anhedral or subhedral lath-shaped crystals. The 
dominant varieties are andesine and labradorite which are always cham- 
cterized by twinning after the carlsbad and albite laws. The pheno- 
crystic crystals are sometimes 3.4 mm. x 0.76 mm. in size, but usually 
the length is from 0.08 mm. to 0.86 mm. When it is well zoned the 
outer zone is genemlly more acidic than the nucleons, and generally 
shows undulatory extinction. The index of refraction on 001 is mea¬ 
sured as follows:— ni = 1.543, n^^l.SSO minimum and ni=1.656, n 2 = 
1.661 maximum. Hence this plagioclase seems to range between acidic 
andesine (Abjo Aujo) and acidic labradorite (Ab 4 {, Angi), The mineral 
character is either positive or negative. The common inclusions are 
apatite, titaniferous augite, and magnetite, while rarely, e. g., in the 
specimens from Kacchd-hb and Nyftn6-h6, aegirine and aegirine-augite 
occur. They are generally associated with a more acidic variety which 
is oligoclase. This acidic plagioclase usually has an anhedral form., filling 
the interstices of the lath-shaped crystals of the other varieties. The 
oligoclase found is 0.76 ram. x 0.37 mm. in size and usually shows an 
indistinct and somewhat undulatory extinction. Carlsbad twinning is 
more common than the albite type, but neither is very common. The 
sign of the mineral is positive and the indices of refraction are ni=1.639 
and 1.643 on 001. This corresponds to oligoclase, which is appro¬ 
ximately Ab^ An^i. The extinction angle is very small. Some of the 
plagioclase crystals are partly sericitized and zeolitized by the hydro¬ 
thermal action of the later igneous stages. 



Alkaline Itoeka from the Frontier Region Near Kainei Choem (Kwea). 


223 


Olivine is an important mineral in this rock. In the porphyritic 
rock the phenocrysts are sometimes eiihedral, hut usually subhedml or 
anhedral. The in-egular outline of crystal is partly due to magmatic 
corrosion. The largest phenocryst seen was 3.9 mm x 2.3 mm in size. 
The indices of refraction are Np=:1.657 and N,,,=1.689. Abimdant 
magnetite grains, often associated with biotite flakes or apatite needles, 
occur as inclusions. Sometimes they are surrounded ])y the aggregates of 
magnetite, biotite, or augite, or, sometimes, by all three. Many cracks 
filled with serpentine or chlorite, together with minute magnetite grains, 
commonly cut the crystals. The olivine is easily decomposed by weathe¬ 
ring, altering into Berpentine, chlorite, and noutronite. 

Among pyroxenes the most common is titaniferous augite. It is 
found abundantly as phenocryst and in the ground-mass, having either 
prismatic or granular fonn. Kuhedral crystals are very rare. Minute 
gmins together with magnetite, biotite, and analcite sometimes fill the 
interstices of the audesine or labradorite. Some of large phenocrysts 
include abundant laths of andesine or labradorite, giving a poikilitic 
structure, o. g., in specimens from the ridge between Yflson-d6 
and J6t6-d6 and also Gokokuj6shi. The largest crystal seen was 1.87 
mm. in length and 0.425 mm. in width, while the common size is 0.08 
ram. to 0.17ram. in length. The usual pleochroism is; X=light purplish 
brown, Y=light yellowish brown, Z=light brownish purple. Z^X^Y. 
In some of the large crystal a zonal structure is seen. This indicates a 
change of titanium content during its crystallization. It is of interest 
also that titaniferous augite gradually j)asses into aegirino or aegirine- 
augite toward its margin. Hour-glass structure is rare. Twinning 
parallel to 100 is coinmon and cleavage parallel to 110 is usually very 
distinct. The indices of refraction arc 1.7200 and Np=1.6865. 
Z/\c=35®-40'’. The titaniferous augite rarely occurs as a radial aggre¬ 
gate. It often surrounds and includes olivine crystals. Magnetite and 
biotite are always associated with the augite, both occurring within the 
crystal and frequently as a reaction rim. 
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The occurrence of aegirine and aeglrine aiigite is not so common as 
titaniferous augite, being found only in the specimens from Sh6soigi-h6 
Kinsci-d6 Ny(inft-h(\ Kaccha-h6, Endaigai, Kat6-d6, 

Shokyo-ri Aegirine is more common than aegirine-augite. 

Both minerals are found as minute crystals or as the peripheral facies 
of titaniferous augite. In certain cases it forms a reaction rim around 
titaniferous augite. Sometimes these three minerals (x;cur together and 
in this case aegirine-augite is an intermediate zone in the transition 
from titaniferous augite to aegirine. Aegirine always forms the outer 
zone. The most conspicuous phenomenon is its frequent association 
with olivine, biotite and analcite. Aegirine and aegirine-augite often 
have a flaky or prismatic form, but are always anhedral. Aegirine com¬ 
monly shows a very small extinction angle, viz., X/\c=3'^ or smaller, 
while that of aegirine-augite is Z/\c=60'* or thereabouts. This is an 
important point in distinguishing the mineral. The crystals of aegirine 
have a maximum size of 2.04 mm. x 0.085 mm., while aegirine-augite 
ranges 0.20 mm. to 0.38 mm. in length. Aegirine has a characteristic 
pleochroic scheme, viz., X=bluish green, Y=light green and Z=: yel¬ 
lowish brown or brownish yellow. X^Y^Z and optically negative. 

Biotite is abundant in this rock and occurs in minute flakes. It 
always has a remarkable brown color which is duo to the titanium 
content and shows the following ploochroism, viz., X=:Y=dark reddish 
brown and Z=:light yellowish brown. X=Y^>Z, N„i=1.1657, and the 
2V is very small. This mineral is usually associated with magnetite. 
It alters to chlorite. 

Magnetite is a very common mineral in all specimens and occurs 
in granular, ouhedral, or skeletal forms. The euhedml and granular 
crystals are undoubtedly magnetite but skeletal ones may be titaniferous 
magnetite. The largest euhedral crystal is 0.6 mm. in diameter, but 
usually they are very small. The skeletal crystals do not excede 1 mm. 
in maximum length. The ratio of both types varies greatly in different 
specimens. Sometimes the skeletal type is more predominant than the 
euhedral; while in other cases vice versa* The skeletal crystals often 
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have a very peculiar form and sometimes occur side by side surface of 
such minerals as augite or olivine. It is also notable that only the 
euhedral and granular varieties are included in olivine and augite. 

Apatite has a long prismatic or acicular form and is abundant in 
many specimens. This mineral is always characterized by transverse 
cracks. The birefringence is very low. The crystal is not terminated 
by crystal faces but often shows a hexagonal cross section. The maxi¬ 
mum dimensions are 1.02 mm, in length and 0.085 ram. in diameter. 

Analcite generally fills the interstices of plagioclase laths. The 
primary origin of most of it is shown by the fmquent close association with 
aegirine. There is no evidence that it was derived from nepheline, 
although it is sometimes of secondary origin. In some thin seatioiis the 
analcite is abundantly present, but in others nearly absent. Rarely it 
is accompanied by chlorite, calcite, and zeolites. The latter has a low 
birefringence and negative biaxial character. Such zeolites always appear 
in miniite irregular or radial aggregates characterized by a wavy extinc¬ 
tion. Analcite often includes abundant apatite needles. In the spe¬ 
cimens from Nyfin6-h6 and a few other places plagioclase is replaced by 
analcite. 

Beside the above mentioned minemls there are many secondary 
minerals, such as chlorite, serj)eatiiie, scricite, nontronite, etc. The 
chlorite, serpentine, and nontronite were chiefly derived from olivine. 
Sericito, on the other hand, is produced from plagioclase by hydrothermal 
action. Sometimes calcite replaces olivine. 

The order of crystallization of the primary minerals is much compli¬ 
cated. In all cases the crystallization of plagioclases, magnetite, olivine, 
and apatite began earlier than other constituents. Since titaniferous 
augite often includes olivine and plagioclases its crystallization probably 
started later than those minerals. The euhedral crystals of magnetite 
are very frequently found in olivine, augite, and biotite, showing a long 
period of crystallization. Skeletal magnetite is undoubtedly of a later 
stage. Aegirine and aegirine-augite may be derived mostly from titani¬ 
ferous augite during the later stages of crystallization. There is much 
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evidenco that analcite or other primary zeolites were formed in the last 
stage of the solidification of magma when the hydrothermal activity was 
more pronounced. T. Oqawa has recently proposed for this the name 
hystatocrystallization of zeolites 

(3) Chemical Composition: —The chemical composition of trachy- 
dolerite collected from this district was recently studied by Kozu and 
Seto in the T6hoku Imperial University. In an analysis (1 ) of a typical 
specimen from the north slope of Sanj6-san, the soda content is much 
higher than potash, while in one (2) collected by T. Ogawa frbm 
Gokokuj6shi, near Kainei, they are in nearly equal amounts. The high 
content of soda is evidently due to the presence of analcite, aegirine- 
aiigite, and oligoclase. Kozu classified the cpecimen from Sanj6-san as 
a trachydolerite with sodalite and analcite, but the chlorine content is 
not indicated in his chemical analysis. Hence the presence of sodalite 
is uncertain in this case. It is of interest that the i)ercentage of silica, 
alumiha, soda, and potash in the specimen from Gokokuj6shi agrees 
closely with that in teschenite (4 ) from Kokkutsu (J®^) near Taihoku 
The remarkable point is the high percentage of potash which 
suggests the occurrence of potash feldspar, but of course, it may be partly 
attributed to the abundance of biotite in this case. 
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3.86 
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2.65 
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4.91 
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4.64 
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0.93 
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H,0- 

0.29 

1.81 

0.67 



TiO, 

1.93 

0.67 

0.62 

4.23 

2.29 
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PA 

MnO 

0.08 

0.10 

0.14 

O..*!? 

2.21 

1.68 

Total 

100.60 

99..59 

100.16 

99.42 

100.68 


(1) Trachydolerite, north slope of S;injd*san. Analysed by K. Sprix). 

(2) ” , (iokokujcVshi, Analysed by K. Skih). 

(3) ” , NancbQri, ShOkan-nien, Shojfl*giin, N. KnnkyA-dA. Analysed by K. 8hrro. 

(4) Teschenite, Rokkutsu, Sckitei-sh^^ near Taihokn, Taiwan (Formosa). Analysed by 
T. Kon-o. 

(5) ”, ”, Analyse*! by T. Koxo. 


ALKALINE 6ABBR0, OLIVINE TRACHYBASALT, 

AND BASANITE. 

(1) Distribution and Mode of Occurrence r—Alkalino gal)])ro, 
olivine trachybasalt, and basanite are local difTerentiatcs from trachydo¬ 
lerite. 

The alkaline gabbro is a coarse variety which docs not show any 
doloritic structure under the microscope. It is irregularly distributed in 
trachydolerite, mostly in the interior of the laccoliths, sills, and dikes, 
and grades into trachydolerite. It is exposed in the intrusive masses of 
Ny(in6-h6, Sanj6-san, Endai-h6, Todo-toku, Sho-h6, ete. 

The olivine trachybasalt and basanite are fine-grained and compact 
rocks with a black or dark grey color, which are common at Mafun-san, 
Seigi-h6, Kat6-d6, etc. They mostly fonn marginal facies of trachydo¬ 
lerite and usually show a gradual tmnsitiou to this rock. Trachybasalt 
and basanite usually occur in sills and laccoliths, but are found in 
the marginal facies of the prominent dike passing from Kando-h6 to 
Endai-h6. They are also found in diamond drill cores of the marginal 
facies of trachydolerite sills. Trachybasalt, recently analysed dy Sbto, 
was collected by the writer from the north slope of Sanj6-san. The 
texture is usually a little finer than that common in trachydolerite. 
Rarely the basanite grades into glassy basalt at the contact. It makes 
up the marginal facies of the dike exposed on the north side of Endaigai. 
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(2) Microscopical Characteristics :—Typical alkaline gabbro (PI. 
Vni, a, b) is a little coarser than trachyclolerite. It is composed of 
oligoclase, andesine, labradorite, olivine, augite, biotite, aegirine, aegirine- 
augite, magnetite, apatite, and analcitc. As is the case of trachydolerite, 
aegirine and aegirine-augite are sometimes absent. Orthoclase is, on the 
other hand, rarely found. The alkaline gabbro does not show porphyritic 
texture, and it is somewhat ophitic or doleritic in the intermediate stages 
of the gi-adation into trachydolerite. 

Among the feldspars andesine or labradorite is more abundant thdn 
oligoclase, They have a stout prismatic or lath-shaped habit and are 
always characterized by both albite and carlsbad twinnings. Oligoclase 
can easily be distinguished from other plagioclaso by its lower index of 
refraction, the usual absence of albite twinning and the nearly straight 
extinction. It is mostly found as an interstitial material to the crystal 
of andesine or labradorite. 

Aegirine-augite- or aegirine-bearing varieties were collected from 
Ny(ln^-h6 and the north slope of Sanj6-8an. These minerals occur as 
small independent crystals or as borders to the titaniferous augite. Their 
amount is not large. 

Titaniferous-augite and olivine are very common minerals. Occa¬ 
sionally they are euhedral in form. Titaniferous augite generally has a 
fresh apjKJarance, but the olivine often shows alteration to such minerals 
as serpentine and nontronite. Both minerals have inclusions of apatite. 
Biotite is also one of the imiK)rtant minerals but it is negligible in 
certain apecimens from Ny(in6-h^ : 

Needles or long prismatic crystals of apatite and granular and 
euhedral magnetite are among the earliest crystallized minerals. They 
are abundant in all the thin sections. The magnetite is frequently 
associated with biotite. 

The most noteworthy character of this rock is the abundant occur¬ 
rence of analcite. It always fills the interstices of the other constituents 
and partly replaces plagioclase. Its frequent occurrence together with 
aegirine or aegirine-augite is strong evidence for its primary origin. 
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Olivine trachybasalt and basanito have a very characteristic texture 
under the microscope (PI. IX, a, b and PI. X, a). Megascopically it is 
sometimes pori)hyritic but generally aphanitic. The writer collected 
porphyritic varieties from the lowest part of the sill exposed at Kat6-d6 
and at the ends, upper or lower, of the diamond drill cores obbiinod at 
I)ait6Kl6 

Textural changes from intersertal to fine pilotaxitic are frequent. 
Kelativoly coarser varieties (olivine trachybasalt) are found in the tmn- 
sition stage to trachydoleritc. Olivine trachybasalt and basanito are 
usually composed of andesiue, labradorite, olivine, augitc, acgirine, 
aegirine-augite, biotite, magnetite, analcite, and apatite. 

Andesine and labradorite are abundant in all specimens, but the 
phenocrysts are usually restricted to the very fine-gniined rocks. They 
api)ear generally in lath-shaj)ed crystals with a length from 0.05 mm. to 
0.8 mm., and are usually twinned after the carlsbad or albite law. 

The augite, in part titaniferous, commonly has a prismatic or 
granular form and is generally rare as phenocrysts even in the line 
grained rock. It always has a very fresh appearance. Together with 
magnetite, analcite, olivine, biotite, etc. it fills the interstices of plagio- 
clase. Augite is exceptionally abundant in the specimens from Suiten-d6 

mm)- 

Olivine is also an important constituent, occurring as phenocr}^ts 
and in the groundmass. As phenocrysts it is often euhedral and is 
2 mm. or more in maximum diameter. Inclusions of magnetite are tre- 
quent. It readily weathers to serpentine, chlorite, and calcite. The 
alteration of olivine into carbonates is often observed in the basanite 
from Sh6t^d6 (/h^Jg). 

Apatite decreases in amount in the fine-grained variety, but magne¬ 
tite increases. This is particularly scon in the marginal facies where 
magnetite is exceedingly abunbant. 

Biotite is always present, sometimes in association with magnetite. 
Aegirine and aegirine-augite are not so frequently seen as in trachydo- 
lerite. Aegirine-augite and aegirine-bearing trachybasalt were found at 
Endaigai. 
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Analcito is in association with the above mentioned minerals as 
interstitial material to the plagioclase. It is, of course, of a primary 
origin, as in trachydolerite and alkaline gabbro. 

The mineral composition of these throe different rocks quite resem¬ 
bles that of trachydolerite. It is very interesting that aegirine and 
aegirine-augite are frequently observed in alkaline gabbro, but are nearly 
absent in olivine trachybasalt and basanite. Oligoclase has a similar 
distribution. The abundance of oligoclase, aegirine and aegirine-augite in 
alkaline gabbro undoubtedly indicates an increase in the sodium contei^t 
toward the interior of the igneous body. Analcite diminishes in the 
marginal facies. The cause of these phenomena will be explained in 
another section. 

The alkaline gabbro in this district is somewhat similar to the 
coarse variety of analcite-bearing diabase, viz., teschenite, collected from 
ilokkuisu, near Taihoku, although the fresh olivine is entirely absent in 
the rock. The mineralogical composition, as well as its texture, suggest 
that this alkaline gabbro is an easexite. 

( 3) Chemical Composition The fine grained variety obtained 
on the summit of Saiij^-san was called trachybasalt by Kozu.'^ However, 
the sj)ecimen analysed contains abundant olivine which is also seen in 
all other H|>eciiiioiis with a line texture, and they arc therefore partly 
basanite. The chemical analysis (1 ) gives a high content of magnesia, 
which is due to the presence of olivine. 

The low percentage of soda and potash, compared to that of tra¬ 
chydolerite, is also quite characteristic, indicating a marked decrease of 
alkalis near the contact. The chemical investigation of the basanite 
and alkaline gabbro in this district has not been completed, but the 
very similar alkaline gabbro has been analysed by Seto. The specimen 
analysed was collected by K. Honda from Nanchfi-ri of Sh6kan-men, a 
short distance north of the Kainei district. It is characterized by a 
high content of alkalis particularly potash, and a low percentage of 
magnesia. 

1) S. K6zu and K.Skto:— The Chemicjil and Microscopical Studies of Some Korean 

Rocks. Abstract of Paper from the Fourth Pacitic Science Congress in Jiiva (1929). 



Alkaline Mocks Jrom the Frontier Region Near Kainei Chosen {Kot^ea), 


231 



( 1 ) 

( 2 ) 

SiOj 

49.27 

60.75 

AlA 

20.30 

18.07 

FeA 

0.41 

2.91 

FeO 

7.82 

6.39 

MgO 

6.43 

0.07 

CaO 

10.84 

8.85 

NaA 

1.78 

3.00 

K 3 O 

0.61 

6.33 

H,0+ 

0.(50 

1.67 

HA- 

0.13 

0.64 

TiOj 

1.62 

0.72 

P 2 O 5 

0.14 

0.91 

MnO 

0.33 

0.04 

Cl 

tr. 

tr. 

Total 

100.18 

100.25 


(1) Olivine trachybasiilt, Summit of Sanj<^-Jan, analysed by K. Swh). 

(2j Alkaline gabbro, NanchCiri, Shflkan-men, Shojd gun, N, Kanky6-dc% analysed by K. Sirro. 


ALKALINE SYENITE. 

(1) Distribution and Mode of Occurrence Alkaliuo syenite is 
not common and occurs only within laccoliths and dikes of trachydolorite. 
The modes of occurrence are as dikes and in masses (PI. V.)* The 
former is more common than the latter, and is well developed at Kan- 
do-h6, Ch<ltoku Endai-h6, Sh6ch6d6soku-8an, and Gensan-d6 cutting 

trachydolerite in a network or a parallel arrangement (PI. V, a). The 
masses, as frequently observed in the vicinity of Endai-hft, are ovoid in 
form (PI. Y, b) with maximum major and minor diameters of 260 m. and 
150 m. respectively. The two tyi)es are generally associated, indicating 
some genetical connection. This may be clearly seen at Endai-h6 where 
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Fig. 1. • Chart tthowing the main localiticH of alkaline Hyenite in the Kainei district. 


many parallel dikes, mostly 2 to 10 centimeters in width, are exposed 
near a massive body. At Chfttoku (Fig 2) and liando-h6 occurs as a 
very complicated net-work in which some of the dikes branch into many 
minor dikelets whose widths usually vary between 1 and 5 centime¬ 
ters. The writer found a similar occurrence at Gen8an-d6. The dikes 
at Sh6ch6dA8oku-san have a maximum thickness of about 30 cm. Tlie 
alkaline syenite from ChAtoku, Kando-h6, and Endai-h6 are in the same 
dike of trachydolerito, which extends from the north-eastern side of Go- 
kokujAshi to the Chinese territory. The ranges of texture, from fine to 
coarse, are only seen in the large masses, such as that of £ndai-h6. 
Commonly there is an abrupt gradation into the inclosing rock—^trachydo- 
lerite—which often shows an especially coarse texture near the transition 
zone. On account of the rather strong resistance to weathering this 
rock has a tendency to project conspicuously above the surface of the 
surrounding rock. 
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(2) Microscopical Characteristics : —The alkaline syenite is a 
hard light grey-colored rock with a rough fracture. Miarolitic cavities 
are frequent. The mineral composition of this rock is somewhat variable 
in the different localities. Typical specimens (PI. X, b) were collected 
from Endai-h6 where it is well exposed in both dikes and masses. The 
alkaline syenite found here is generally comjjosed of orthoclase, augite^ 
biotite, aegirine, aegirine-augite, barkevikite, analcite, apatite, and mag¬ 
netite, while, along the contact, titaniferous augite is sometimes found. 
Some of the colored minerals are absent in other localities. 

In all cases the most prominent mineral is orthoclase which com¬ 
monly occurs in the anhedral or subhedral form. In the larger bodies 
the crystal habit varies, being equidimensional in the central part and 
lath-shaped in the marginal zone. The maximum diameter is 4 mm. 
Carlsbad twinning is particularly common in the lath-shaped crystals. 
712=3 1.525 on 010. It is partly zeolitized and kaolinized. 
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The augito is anhedral or subhedral, increasing in size toward the 
interior of the bodies. The largest crystal is 2 mm. x 1mm. in size. 
It often shows an octagonal cross-section with distinct cleavage parallel 
to 110. Extinction angle; Z/\c=38°. It generally has inclusions of 
magnetite and sometimes biotite. Augite is very frequently surrounded 
by narrow zones of aegirine and aegirineaugite, similar to the augite in 
trachydolerite. In such cases they have quite different extinction angles, 
viz., Z^\c=i56'^ or more in aegirine-augite, and X/\c=:3° or thereabouts 
in aegirine. The largest crystal of aegirine reaches 1.7 mm. x 0.68 mm. 
in size. Its pleochroism is very conspicuous: Xssbluish green, Y=light 
green, Zsayollewish brown or brownish yellow; X^Y^Z. This pleo¬ 
chroism is nearly the same as that of the aegirine-augite. Optically, 
however, aegirine is negative while aegirine-augite is positive. The 
minerals are anhedral in forai and always grade into each other. Aegi- 
rino is absent in the specimens from Chfttoku and K6shin-d6 

Barkevikite is a common mineral in the alkaline syenite from Endai- 
h6 and* Kando-h6, being specially plentiful in the former place. It 
shows a tendency to increase toward the center of the masses. The 
crystals are mostly long, prismatic in form, and give a very characteristic 
pleochroism, viz., X=light brownish yellow, Y=reddish brown, Z=deep 
brown ; Zy\Y/\X. The pleochroism is very distinct in the basal section. 
Twinning parallel to 100 is common. The extinction angle is very 
small; Z/\o=6'’. It is 1.7mm. in maximum length and 0.14mm. in 
maximum width. 

Biotite is found abundantly in the specimens from Endai-h6, but 
it is noteworthy that this mineral is entirely absent in those collected 
from Kando-h6 (PI. XI, b). Its pleochroic color is different from the 
ordinary type, being X=light yellow, Y=yellowish brown, Z=reddi8h 
brown; Z/\Y/\X. The crystals are always tabular; the finer ones are 
usually seen along the margin of the intrusion. The index of refraction 
is Nm=l-667 and 2V is very small. The maximum diameter is 2.4 
mm. Magnetite is a common inclusion. Sometimes biotite is included 
in orthoelase in which it shows a narrow light colored border. 
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The granular and euhedral crystals of magnetite, 0.7 mm. in maxi¬ 
mum diameter, are widely distributed in all thin sections. Some of 
these crystals have a narrow reaction rim of biotito and are partly altered 
to hematite or limonite. 

Apatite has a long hexagonal prismatic or needle-shaped crystal 
form. It is 1.6 mm in its maximum length and occurs as inclusions in 
orthoclase or biotite. 

Analcite occurs in all specimens, filling the interstices of the other 
constituents. It is both primary and secondary. This is i)roved by the 
presence of aegirine or aegirine-augite as inclusions in it, similar to the 
like occurrence in trachydolerite, alkaline gabbro, etc. Sometimes analcite 
replaces orthoclase. The alteration generally starts from the margin or 
from the cracks in the crystal. 

Natrolite is associated with analcite, forming radial aggregates or 
tufts, particularly in geodes. It occurs as very beautiful needles, 3 cm. 
in maximum length, associated with the icositetrahedron of analcite, 
3 mm. in maximum diameter. Most of the natrolite is considered to be 
a primary constituent, as it fills the interstices of the orthoclase in a 
manner similar to analcite. 

It is evident from the above description that biotite, magnetite, 
and a][)atite were crystallized in the earliest stage of solidification, and 
were followed by orthoclase and the pyroxenes. The zeolites wore the 
final products in the consolidation of the magma. 

The alkaline syenite in this region sometimes shows a fluidal 
arrangement of lath-shaped orthoclase. This is seen in the small dikes 
and along the contact of the large masses. It is undoubtedly a rapidly 
cooled phase, as it grades into a coarse granular variety toward the 
interior of the larger masses, such as that of Endai-h6. The contact 
between the alkaline syenite and the trachydolerite is usually sharp. 
Under the microscope there is a sudden change of minerals and textures 
(PI. XI, a). 

(3) Chemical Composition : --Tho alkaline syenites collected from 
Endai-h6 were chemically analysed by K. Seto. The variety with a 
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fine texture was named ^^sodalite micro-syenite^^ by Kozu. As can be 
seen from tbe chemical analysis (1 ) the most remarkable point is the 
high percentage of soda and potash together with the presence of chlo¬ 
rine and the absence of P 2 O 5 . The chemical composition of this rock 
is somewhat similar to the nepheline sodalite syenite from Nanchfi-ri of 
Sh 6 j 6 -gun which is intruded into trachydolerite. Some of alkaline syenites 
collected by K. Honda from the above locality resemble those of the 
Kainei district, both megascopically and microscopically. Since apatite 
is entirely absent in some specimens, it is plausible to regard that the 
unusual content of chlorite may be due to a minor quantity of sodalite. 



( 1 ) 

( 2 ) 

(3) 

SiO, 

68.43 

59.74 

66.46 

AlA 

21.73 

20.59 

20.08 

Fe^O, 

1.66 

2.21 

1.31 

FeO 

1.76 

1.36 

4.39 

MgO 

0.88 

0.17 

0.63 

CaO 

2.53 

2.44 

2.14 

Na ,0 

6.03 

7.88 

6.61 

K ,0 

6.24 

4.09 

7.13 

H,0+ 

1.23 

1.38 

1.61 

H, 0 - 

0.34 

0.02 

0.26 

TiO, 

None 

0.23 

0.29 

PA 

None 

None 

0.13 

Cl 

0.49 

0.58 

0.43 

MnO 



0.09 

Total 

100.24 

100.68 

100.46 


(1) Sodalite niicru’Syenite, Endai-hO near Kainei. Analysed by K. Seto.O 

(2) Nepheline sodalite syenite, NanchCri, OhAkan-men, Shejd gun, N. Kankye>dA Analy¬ 

sed by K. Skto.*) 

(3) Sodalite syenite, Sc^uare Butte, Highwood Mountains, Montana. Analysed by W. H. 

Mklvillk*> 


1) See Abstract of Paper from the Fourth Pacific Science Congress in Java (192D;. 

2) F. W. CxAKXB:—The Data of Geochemistry, fiuU. 770, U. S. GeoL Sury., pp. 452-463. 
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THE OCCURRENCE OF SUBALKALINE ROCKS. 

In addition to the alkaline rocks, there are abundant subalkaline 
extrusives and intrusives in Koy(i-men and on the hilly area 

including Sansai-h6 and Rishdman'San They are 

plagioliparite, hornblende-biotite-andesite, hornblende andesite, porphyritio 
basalt and olivine basalt. The andesite always occui-s as i)lug8 and 
stocks, e. g., at So-sau Yagaa (^^), Kussan etc. 

Plagioliparite is a local phase of the andesite. 

Olivine basalt forms domes of variable size, while porphyritic 
basalt forms dikes which have parallel or radial armngement, often 
cutting the andesite. This systematic arrangement of basalt somewhat 
resembles that of Unmu-rei farther north. Most of the andesite 

dikes are older than the tmchydolerite and porphyritic basalt. At Sha- 
otsu-d6 andesite is cut by tmchydolerite. The exposures of porphyritic 
basalt at the south-western foot of Kussan, are often accompanied by 
trachydolerite, but the relative ago is unknown. Olivine basalt occurs 
away from the othei-s and there is no relation between them. 


THE TEXTURAL AND MINERALOGICAL VARIATIONS 
OF ANALCITE-BEARING ROCKS. 

Almost all the intrusive bodies show variations of texture and in 
mineml and chemical compositions from the contact toward the interior. 
Such phenomena are particularly noticeable in the large masses. The 
chemical and mineralogical investigations of these changes are important 
for the study of the differentiation of the magma. It is, however, 
usually difficult to collect complete specimens of a whole section across 
a body. 

The writer collected specimens from sills of analcite-bearing rocks 
which are respectively 16.37 m. (No. 1), 36.02 m. (No. 2) and 3.49 m. 
(No. 3^ in thickness. They are all from diamond drill cor^s, The 
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last of these (No. 3) was obtained from the depth of 344.83 m. below 
surface. Petrological and chemical studies of these cores has been 
started and the results will be published at a later date. 

Differences, particularly in texture, were seen even in the smallest 
bodies as a result of the studies of thin-soctions from every 10 to 30 cm. 
of the core. 

At the borders of the sill the rocks are exceedingly fine-grained 
basanite which gradually passes into a coarser variety. It is a porphyritic 
rock characterized by a fine pilotaxitic ground-mass which contains 
abundant minute flakes of biotite. The phonocrysts are lath-shaped 
andesine and labradorite, augite and olivine. Plagioclase is often altered 
to calcite and chlorite, but augite, partly titaniferous, is commonly not 
decomposed. The olivine is entirely altered to chlorite, serpentine, or 
calcite, with preservation of the original crystal form. The ground-mass 
is composed of confused aggregates of flaky biotite, granular augite, 
lathshaped plagioclase, magnetite, and analcite. Magnetite is not so 
abundant in the border facies as in the interior of the mass. The chil¬ 
led facies is little thicker at the base of the sill than at the roof. In 
the thickest sill (No, 2) the thickness of this zone is 4 cm., and it is 
approximately the same in No. 1, but is absent from No. 3. At Shokyo- 
ri in the Chinese territory on the north side of Endaigai, a largo dike 
cuts the Tertiary shale and sandstone, branching into a sill between the 
beds. The specimens collected from the direct contact of this dike are 
soinowliat difleront from those from the above mentioned chill facies in 
that they contain an abundance of brown colored glass (PI. XII, a). 
This rock is a glassy basalt with a black or dark gmy color, consisting 
of andesine or labradorite, olivine, titaniferous augite, magnetite, biotite, 
analcite, and secondary chlorite and serpentine together with glass. The 
phenocrystic olivine is mostly anhedral or subhedral in form, often having 
been subjected to the magmatic corrosion. The largest crystal is 1.4 mm. 
X 0.61mm. in size. Chlorite and serpentine were derived from this 
mineral. 
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Abundant granular augitc and euhedml, granular, or skeletal magne¬ 
tite together with a small quantity of flaky biotite are always in the 
ground-mass in association with glass. They fill the interstices of plagio- 
clase laths. This glassy basalt passes into trachydolerite with a basanitic 
intermediate stage. 

The texture of the basanite, as can be well observed at the roof 
and bottom of No. 1, No. 2, and No. 3, gradually changes, showing an 
intorraediato phase of olivine trachybasalt (PI. XII, b) toward the inte¬ 
rior. All except the abnormal variety along the direct contact contain 
abundant magnetite in the ground-mass together with fine titan iferous 
augite, olivine, biotite, plagioclasi^, and analcite. 

Similar specimens were collectcMl along tlie lower contact of the sill 
at Kat6-dr), where the various transitions to analcit(^-bearing rocks am 
seen. As already mentioned elsewhere, basaiiite is, or olivine trachybasalt 
and basanite are proportional to the size of intrusives, thus it is more 
strikingly developed in No. 2 than in No. 1 and No. 3. The thickness 
of this peripheral phase measured in No, 2 core is 55 cm. at the roof, 
but it is nearly twice that at the bottom. 

The occurrence of basanite is not always ixjstricted to the peripheral 
part, as it is often found in the interior of tmchydolerite, where it 
forms small patches or thin streaks (PI. XIII, a), about 1 cm. in 
maximum thickness. This is clearly seen in the sills above mentioned. 
In this case it is characterized by an abundance of biotite flakes and 
generally shows an abrui)t textural change to trachydolerite similar to 
that of schlieren to the mother rock. 

Many thin sections made from these drill cores, however, show that 
the sills are largely made up of trachydolerite. Trachydolerite sometimes 
changes into a coarser variety resembling essexite which has an irregular 
distribution, although most of it is in the interior of the sill. Therefore 
no great regularity of textural change is present. In the thin sills there 
is an abrupt decrease of grain size, toward the contact, compared with 
the more gradual change in the thicker ones. This is conspicuous 
in th© No. 3 sill which is 3.49 m. in thickness. Changes in the 
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component minerals or of their percentages are not so noticeable as that 
of the texture. However, the proportion of analcite, apatite, and acid 
jtlagioclase to the other minerals is greater in the trachydolerite. 

The percentage of analcite particularly increases in the central part 
of the sill where it not only fills the interstices of the other minerals, 
but forms patches or streaks, usually very small in size. These patches 
and streaks contain some augite, acid plagioclase, aegirine, aegirine-augito, 
biotite, nontronito, prehnite(?), and magnetite (PI. XIII, b) They are 
more acidic in character than the surrounding part and the basanitfc 
zone, and they are quite different in their texture and component mine^ 
nils. Biotite is usually very scarce in them. 

Aegirine and aegirine-augite occur moie frequently in the interior of 
the mass. In sill No. 2 these minerals appear at 2.80 m, below the 
upper contact and nearly disappear at 3.39 m. above the lowdi^ contact. 
They aie present in the innermost part of oven such a small sill ae^No. 
3. An intimate relation between these minerals and analcite is present 
in all cases. 

Nearly similar changes of texture and mineral composition are 
observed in specimens systematically collected between the contacts of 
the sills and laccoliths at Kyokusui-d6, Gokokujfishi, Shinki-d6 
and others, but aegirine and aegirine-augite are sometimes absent. 

The concentration of the alkaline constituents in the interior of the 
sills indicates that a certain amount of differentiation has occurred. There 
is little evibence of a gravitative differentiation. The symmetrical grada¬ 
tion from an alkaline center to the chill facies of the roof and floor, 
instead of a more basic zone above the chill facies at the floor, indicates 
that gravity did not bring about the differentiation. 

Daly‘S has already pointed out the absence of fractional crystalli¬ 
zation in most basaltic sills. He says << According to Bowen^s argument, 
diorite or even quartzose phases might be regularly expected near the 
roofs and ultra-femic phases near the floors.^^ Such phases were not 

1) R. A. DALy;^«new8 of AlbiVne Bocks. Joqr. Geol., Vol. XXVf, (1918), p. 118, 
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found even in the large intrusive l>odies of the Kainei-Sh6j6 district which 
are believed to have cooled quite slowly. 

In the later stages of the consolidation, the magmas were soda-rich as 
is indicate<l by the minerals formed. According to Fenner*^ the forma¬ 
tion of alkaline rocks is believed to be a result of an enrichment of soda 
and alumina due to the post-magmatic gaseous emanation. GiLii^oN®^ 
has much the same view and says ^^The i)a88ing of socla-and alumina¬ 
bearing emanations through a subalkaline magma, thus enriching it in 
these elements, may thus have been one process by which alkaline magma 
have come into being.” It seems that the original magma of analcite- 
bearing rocks in the Kainei-Sh6j6 district was already soda-rich when 
in jected into the Tertiary sediments and the cooling was slow enough to 
allow the concentration of soda in the central portion of the bodies. 

The occurrence of minor patches and streaks of the basanitic facies 
and frequent aggregates of augite within trachydolorito suggest local 
rapidly-chilled phases, while the confused aggregates of soda pyroxenes, 
zeolites, and acidic plagioclase are the last stages of consolidation. 


CONTACT METAMORPHISM CAUSED BY THE 
INTRUSION OF ALKAUNE ROCKS. 

The intrusion of the alkaline and associated subalkaline rocks caused 
contact metamorphism of sediments. In this the baking of the grey 
shales to black is a common phenomenon. At dikes the alteration is 
seen on both sides. Even small dikes, three or four meters wide, have 
a black colored shale aureole for one or two meters in width. The 
predominantly black shale beds along the Hootsu River were probably 
caused largely by the large dike passing through Kando-h6 and Endaigai, 
but were partly due to the influence of the thick sill at the eastern 

1) C. J. Femxer:—T he Ketmai Magmatic Province. Jour. Qeol., VoL XXXIV, (1926), 

pp. 700-708. 

2) J. L. Qillsok I— On the Origin of the Alkaline Rocks. Jour. Qeol., Vol. XXXVI, (1928;, 

p. 473. 
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side of thifl river. At Katft-d6 the shale has a black color for about five 
meters beneath the sill. It is very noteworthy that the shale beds are 
sometimes more strongly influenced along the lower contact than at the 
roof, as can be seen at Shinki-dd and elsewhere. Another kind of meta¬ 
morphism is shown by the occurrence of dense shale homfels. This 
alteration is very common in the neighbourhood of Seigi-h6 and KyCishin- 
b6. It is a very compact and hard rock with a varying color from dark 
grey to dark green or bluish grey. The fracture is conchoidal. The 
gradation of this shale hornfels to black shale away from the contact 
indicates that the former is a product of a stronger metamorphism of 
similar material. Generally only an induration of sandstone and conglo¬ 
merate is seen in the field, e. g., at Kat6-d6, etc., where they often occur 
together with shale homfels. 

Under the microscope the shale hornfels is seen to be composed of 
a very fine aggregates of quartz, feldspar, chlorite, epidote, magnetite, 
rutile, and pyroxene. This fine aggregate contains a variable amount of 
slightly coarser clastic grains of quartz and feldspar, these grains being 
angular in form, There has probably been considerable silicification 
of the shale. The black shale is composed of aggregates of minute 
angular quartz, magnetite, calcite, biotite, plagioclase, carbonaceous mat¬ 
ter, muscovite, and very fine opaque material. The opaque material 
occurs in roughly parallel streaks. The sandstone is frequently much 
silicified, particularly close to the contact, where also biotite, chlorite, 
and muscovite were formed. 

The intrusion of trachydolerite caused the alteration of lignite to 
natural coke or anthracite, this change being accomi)anied by a conspi¬ 
cuous decrease of the volatile matter and the water content and an 
increase of fixed-carbon. Natural cokes were collected in the abandoned 
tunnels of the Hogi Coal Mine and Kanpoku Coal Mine, and 

also in the valley near Seigi-hA The occurrence of anthracite is known 
at Kamidais^dd Shimodais^d6 places. 

A very interesting occurrence of the alteration of lignite to coking coal 
is in the Yfisen Coal Mine. Here a large dike crpfwies the eastern 
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side of the mine. The direct contact between trachydolerite and coal 
seam is not exposed, but the lignite is entirely changed to coking coal 
in its vicinity. The formation of natural cokes and anthracites seems to 
be influenced by tho sedimentary covering and the size of the intrusion. 
At the Ydsen Mine tho coking coal is covered by relatively impervious 
shale, while the anthracite is covered by relatively pervious sandstone. 
The escape of the gases through the covering is probably a very important 
factor. Around the larger intrusion, particularly dikes, coking coal is 
more apt to be found. 


CONCLUSION. 

The Tertiary area of tho frontier region in N. Kanky6-d6 is the 
most important locality in Korea for alkaline rocks. They were intruded 
after the deposition of the Tertiary sediments identified as Miocene 
and occur as laccoliths, sills and dikes at various horizons in these 
sediments. 

Predominant among these rocks is trachydolerite, which grades into 
such differentiation products as olivine trachybasalt, basanito, and alka¬ 
line gabbro. The soda-rich minerals increase in percentage toward the 
interior of the mass. Tho textural changes are usually symmetrical 
with regard to the upper and lower contacts. Dikes and masses of 
alkaline syenite are with the trachydolerite. The mode of occurrence 
indicates a genetic connection. Primary analcite is common in both of 
them. It is noteworthy that this mineral is frequently found with 
aegirine and aegirine-augite. Tho alkaline magma here seem to have 
been separated locally into two phases, acidic and basic, either in the 
original reservoir or after intrusion, when there was sufficient time for 
differentiation* The occurrence of alkaline syenite is restricted to the 
larger laccoliths and dikes of trachydolerite which cooled more slowly. 
Hence, the alkaline syenite was differentiated from the same magma as 
trachydolerite; ascending through and filling contraction cracks of the 
laccoliths or the dikes. 
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As to the origin of the alkaline magina^ varions theories have been 
advanced. Daly^^ attributed the origin of some alkaline magma to the 
reaction between basaltic magma and limestone. According to his theory 
the formation of feldspathoids is considered to bo duo to desilication of 
the magma in which silica is carried downward by the heavy lime-si¬ 
licates. In addition, the upward movement of alkali due to the escaping 
carbonic acid and other resurgent gases is an important factor. Shand’^ 
also considered that the assimilation of the invaded calcareous or non- 
calcaroous rocks was a cause of undersaturation of saturated magma. lu 
his recent paper*'^ ho discusses the origin of felspathoidal rocks by reaction 
between magma and limestone. Various relations between alkaline rocks 
and. limestone are similarly recognized by Allan,Foyk,"^^ Guinsberg,**^ 
Quensel,*^ Vogt,”^ Brc)Gger,®^ etc. The local assimilation or desilication 
due to additions of lime from limestone and dolomite probably occurs in 
certain minor cases, as can be expected from the fluxing power of those 
rooks on silicate melts. The occurrence of cancrinite, or primary calcite, 
is sometimes believed to have originated from the introduction of carbon 
dioxide. Daly^s theory, however, can not be applied to the alkaline rocks 
of Korea, where they are entirely indei)endent of the distribution of lime¬ 
stone or other calcareous rocks. This seems also to be true for the alkaline 
rocks of Taiwan (Formosa). In Korea no alkaline rocks have been found, 
up to date, within the Cainbro-Ordovician limestone area whem the 
limestone beds are intruded by various kinds of subalkaline rocks. 


1) R. A. DALYi-Origin of Alkaline liocks, Bull. Geol. Soc. Ainer., Vol. XXE (1910), p. 

87; Igneous Rocks and Their Origin, 1914, p. 410; Genesis of Alkaline Rocks, Jour. 
Geol., Vol. XXVI (1918), p. 97. 

2) S. J. Shanu:—G eol. Mag., Vol. X (1913). p. 511. 

3) S. J. Shakd: —^Limestone and the Origin of Felspathoidal Rocks. Geol. Mag., Vol. 

LXVII (1930), pp. 415-426. 

4) J, A. Allan Oology of the Ice River District, British Columbia Mimoir 55, Geol. 

Surv. Canada, 1914, p. 211. 

5) W. G. Foyb; —^Nepheline Syenite of Ontario. Amer. Jour. Sci., XL (1915), pp. 434-430. 

6) A. Guiksberg:—P ierre le Grand a Petrograde, Annales de Tinst. Polyteh, XXV, 1916, 

p. 435. 

7) P. D. Quensel:—B ull. Geol. Inst Upsala, XXII (1914). p. 129. 

8) T. VooT:—Videnskapsselskapetes Skrifter, 1 Mat Naturv. Klaase, Christiania, 1915, 

No. 8. 

9) W. C. BrOgoer Die Eruptivgesteine des ^rktianiagebietes IV. Vidensk. Selsk. Skr, 

I. Mat Naturv., Kl., 1920. i 
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Bowen, on the other hand, believes that differentiation is control¬ 
led by cr}^ta]]izatiou. <<The sinking of crystals and the S(jueezing out 
residual liquid are considered the all important instruments of differen¬ 
tiation, and experimental evidence is adduced to show tliat imder the 
action of these processes typical igneous series would be formed from 
basaltic magma if it crystallized (cooled) slowly enough/^ He suggests 
the following origin for the alkaline rocks: If the crystals of the 
biotite granite stage, including quartz, sink out of this liquid then the 
concentration of NaAlSi 04 will finally reach a stage where nephelite will 
begin to precipitate. There may also result a concentration of CO^f 
S, SO3, Cl, etc., sufficient to cause their precipitation in comi)ounds 
such as cancrinite, lazmdte, and sodalite minerals which are j)cculiar to 

nephelite syenites and related rocks. Differentiation during 

crystallization from these very fluid (alkaline) magmas will take place 
very freely, and the formation of both highly femic and highly alkalic 
types (rich in feldspathoids) may result. The more < basic ^ types of 
alkaline rocks are not, however, in all cases basic differentiates from 
nephelite syenitic magma. Favorable conditions seem to con¬ 

sist in the opjiortunity of sinking, not only of the plagioclase crystals 
and femic minerals, but also of quartz crystals in sufficient amoiuit. 
This may result relatively ‘ basic ^ alkaline magmas from which such 
rocks as basanite might be formed, and ne])helite syenite itself as a 
light differentiated”.-^ 

In the Kainei-Sh6j6 district analcite-boaring rocks were locally in¬ 
truded in connection with subalkalino rocks which are rather subordinate 
in amount. There is, however, no field evidedence that alkaline magmas 
were separated from subalkaline magmas by differentiation due to the 
sinking of crystals. Of course, the sinking or rising of crystals in 
magma is sometimes plausible and may be the true cause of diversity 
in igneous rocks, but it does not explain why there was no gravitative 

1) N. L. Bowbk: —The Later Stages of Evolution in Igneous Bocks. Jour. Geol., Vol. 

XXIII (1915), Supplement, p. 90. 

2) N. L. Bowen :--Op. cit, pp. 66-57. 
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differentiation during the slow cooling of the larger sills or laccoliths of 
basaltic rocks in this region. This process may have taken place in the 
original magma reservoir at depth. As already pointed out, alkaline 
syenite is sometimes associated with tmchydolerite. This syenite was 
probably formed by the squeezing out process as contended by Bowen*^ 
but it is only a local phenomenon in the last stage of consolidation. It is 
uncertain, however, the basic alkaline magmas abundantly intruded in 
the frontier region of Korea were separated from the original magma in 
a similar manner. There must have been more complicated mechanisnl 
done during the long interval when the magma was under high pressure. 

Daly®^ believes that the separation of liquid phases, apart from 
possible development of immiscibility, is very important and it is to be 
expected:—( 1 ) if the magma at the time of emplacement in a large 
chamber was heterogenous; ( 2 ) if for any reason gases are concentrated 
locally within the magmatic body; ( 3) if the assimilation of country 
rocks, or, of their volatile constituents alone, took place. 

Whether the magmas were originally homogeneous or not, their 
heterogneities ought to be brought about easily by various physico¬ 
chemical processes due to the partial crystallization, accumulation, or 
migration of volatile materials, migration of magma, assimilation of 
country rocks, etc. Smyth,Fbnnbr,^^ Gillson,’^> Bowbn,®^ Cross,Foye,^^ 
and others agree in the theory that the work of gases or mineralizers 
is a cause in producing alkaline rocks. Both Smyth®^ and Harkeb*®^ 


1) N. L. Bowen: —Crystallization-Diiferentiation in Igneous Magmas. Jour. Geol., Vol. 

XXVll (1019), pp. 407-411; The Evolution of the Igneous Rocks, 19*28, p. 234, 

2) R. A. Daly :-<3enesis of Alkaline Rocks. Jour. Geol., Vol. XXVI, (1918), p. 132. 

.3) C. II. Smyth, Jr.:—The Chemical Composition of Alkaline Rocks and its Significance 
as to Their Origin. Amer. Jour. Sci., Vol. XXXVI (1913), pp. 40, 46, 

4) C. H. Fenner: —Op. cit, pp. 700-7^3. 

5) J. L. Gillson:— On the Origin of the Alkaline Rocks. Jour. Geol, Vol. XXXVl 

(1928), pp. 471-472. 

6) F. L. Bowen :—Later Stages of Evolution in Igneous Rocks. Jour, Geol, Vol. XXIII 

(1915), Supplement, p. 56. 

7) W. Cross: —Lavas of Hawaii and Their Relations. U. S. Prof. Paper, 88, (1915), p. 90. 

8) W, Q. Foye: —Nepheline Syenite of Ontario, Amer. Jour, Sd., XL (1915), p. 430. 

9) C. H. Smyth, Jr.:--Op. cit., p. 42. 

10) A. Habkeb :— The Natural History of Igneous Rocks, 1896, pp. 12^. 
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consider that their concentration along with that the alkaline probably 
depends on crustal dislocation by radial movement in the earth. This 
seems to be little different from Bowen’s supposition'^ on the origin of 
the alkaline rocks due to the action of outside forces. 

Aside from the above mentioned theories it is believable that the 
interior readjustment of the earth’s crust, whether there is a visible 
influence on the surface or not, must be j)erpetual]y carried on. Such 
crustal movements may bo a cause of the migration of magmas on a 
large scale or, vice versa. The chemical equilibrium of the magma under 
certain conditions would bo disturbed by its migration and this would 
stimulate various physico-chemical processes during that time, giving rise 
to heterogeneity of the magma. Thus it is not unreasonable to suppose 
that undersaturated liquid phases will be separated from the original 
magma. The separation of alkaline magmas may be a particular case of 
differentiation which can not exist everywhere differentiation takes place. 

The predominance of the alkaline rocks in a restricted area of Korea, 
including minor islands in the Japan Sea, seems to indicate a local accu¬ 
mulation of these magmas in particular places from which they wore succes¬ 
sively intruded and extured. Some of them appeared soon after the depo¬ 
sition of some of the older Tertiary sediments. Among these are the anal- 
cite-bearing rocks in the frontier region of N. Kanky6-d6 and the RyCl-do (f| 
alkaline basalt-^ in the Meisen-Kisshfl district. The restri¬ 

cted distribution of analcite-bearing rocks within the Tertiary area of the 
Kainei-Sh6j6 district might be the result of the migration of such magmas 
due to the gravitative adjustment of the eroded portion. The intrusion and 
extrusion of the alkaline basic rocks were followed by enormous faulting 
which determined the direction of the present coast of north-eastern Korea 
and the course of the T6man-k6 River. This faulting was followed by the 
large eruptions of acidic alkaline rocks in the Meisen-Kisshtl district.'^ 

1) N. L. Bowen: —Crystallization-Differentiation in Igneous Magmas. Jour. Oeol., Vol. 

XXVn (919), p 429. 

2) F. Yamanabi K[aydh6-Ki8sha-Shiho-and Kinmei Sheet. Geol. Allas of Chosen, No. 

3; I. TateiwA: —Kyokudd-Meisen-Bhichihdsan and Kotan-dd Sheet, Geol. Atlas o 

Chffsen, No. 4 
3} ditto. 




PLATE II. 



Explanation of Plate II. 


Looking north from Sansai-h6 

( 1 ) = Seigi-h6, ( 2 ) = Mafun-san» ( 2 )= NyCin6-h6, ( 4 Sanj6-san, 

( 5 ) = Kh6h6-san, ( 6 ) = Dome of olivine basalt. 

The hills in the foreground are made up of Tertiary shale, sandstone, and 
conglomerate. 



T. IcilIMUJlA; AlhtHnc Jtonha. 


ri. 11. 



PiltiUxl by Tbe ’LailitiJvU .ShaBltlu Itratsu/^yt^, 



PLATE III. 



Explanation of Plate III. 


The sill and laccolith of analcite-bearin/^ rock separated by the alternate beds 
of shale and sandstone (Kyokusui-do). (1), ( 3 ), and ( S Alternate beds of 
shale and sandstone, (2 )=Laccolith and (4)^Sill. 


Gokukuj6shi looking up from Gekka-do. (1) and (3 )= Alternate beds of 
shale and sandstone, (2) = Sill of trachydolerite. 




p.inti'd by Tbe lathoku Shasliin Iu.«atfluzyo< 



PLATE IV. 



Explanation of Plate IV. 


Gokokuj6shi looking up from T6man-k6. 

( 1) —Sill of trachydolerite, (2 ) —Talus, ( 3 ) = Tertiary sediments, ( 4 )-. Granite. 


b. Contact between the sill of analcite-bearing rock and the Tertiary sediments 
at Kat6-d6. Both columnar and tabular joint structures are well developed in 
this case. Along the lower contact trachydolerite passes into a basanitic phase 
whose photomicrograph is shown in Plate X, a. 

( 1 ) = Analcite-bearing rock, (2) Alternate beds of shale and sandstone. 






PLATE V. 



Explanation of Plate V, 


a. Parallel dikes o£ alkaline syenite cutting: trachydolcrite (Kndai-h6). 
AsAlkaline syenite. Td Trachydolerite. 


b. Oval-shaped mass of alkaline syenite in trachydolerite on the pass of Endai-hO. 
As-^Alkaline syenite. Td-= Trachydolerite. 




[*rtnt«(1 by The Talh«)Ku SbaaMn Insatauzyo. 






PLATE VI. 



Explanation of Plate VI 


a. Trachydolerite (Gokokuj6shi). 

P —pla;?ioclase, A=:^Titaniferous auj^ite, 0=-Olivine, M — Mafi:netitc, An^^Anal- 
cite. 

Titaniferous aup^ite shows a poikilitic texture, x 60. 


b. Trachydolerite (Kat6-d6). 

P-= Plagioclase, A— Titaniferous auj?ite, Mapfnetite, P^Hiotite, An=»Anal- 
cite, 0 = Olivine, x 60. 



T. TOHiMUiU: AlkrLline RucIh. 


PI. vr. 




rrlJitcd by The Taih'Jku Shaabln irigatauisj'O. 



PLATE VII. 



Explanation of Plate VII. 


a. Trachydolerite (Kyokusui-d6). 

P~PlaKioclase, A -Titaniferous augite, 0=r Olivine, An —Analdte, Magne¬ 
tite. X 60. 


b. Trachydolerite (Diamond drill core) from Dait6-d6). 

P = Plagi(x:lase, A:r-Titaniferous augite, Mae^netite, 0 = Olivine, B = Biotite, 
An^Analcite, Ap = Apatite. x 60. 



T, ICHIMUBA: Alli-alinn RooJiS, 


ri. VI r. 




I^lntPd by The Talliokii sbMMn InsAtivxyo. 




PLATE VIII. 



Explanation of Plate VIII. 


a. Alkaline gabbro (Suite-d6), 

P --lUaKiocla.se, A-= Titaniferous augite, Ae - AcKirine, and aegirinc augite, 
Hiotite, An —Analcite, M Magnetite, Ap - Apatite, x 60- 


b. Alkaline gabbro (Diamond drill core from Dait6-d6). 

P- Plagioclase, A^ Titaniferous augite, Ae^Aegirine and aegirine augite, 
B —liiotite, Magnetite, An —Analcite. x 60. 








PLATE IX. 



Expalanation of Plate IX. 


a. Olivine trachybasalt (Mafun-san). 

Olivine. Black dots are magnetite and minute lath-shaped crystals are 
plagioclase. The ground-mass is made up of plagioclase, olivine, titaniferous 
augitc, magnetite, biotite, and analcite. x 60. 


b. Olivine trachybasalt (Ky6shin-d6). 

O^- Olivine, An ==: Analcite. The ground-mass is made up of biotite, olivine, 
titaniferous augite, plagioclase, magnetite, and analcite. x 60. 



T. ICFilMT^nA: Alkaline Rocks. 


PI. TX. 



a 



Prlnteil by Tho Taihoku ibaabln Inflafanxyo, 



PLATE X. 



Explanation of Plate X. 


a. Basanite (Sh6t6-d6). 

P == PJagioclase, 0 —Olivine. The specimen was collected from the lower con¬ 
tact of sill. The ground-mass is composed of plagioclasc, magnetite, biotite, 
and titaniferous augite. Olivine often changes into the secondary calcite. 

X 60 . 


b. Alkaline syenite (Endai-li6). 

Or=r.Orthoclase, A Augite, M Magnetite, Ae - Aegirine or aegirine augite, 
BaBarkevikitc; B Biotite, An-^u Analcite. Augite passes gradually into 
aegirine toward the margin of^ts crystal, always showing the intermediate 
stage of aegirine augite. x 60. 







PLATE XI. 



Explanation of Plate XI. 


a. 1‘he contact part between alkaline syenite and trachydolerite (Endai-h6), 

The upper half is trachydolerite which is composed of plagioclase (P), olivine 
(O), magnetite (M), biotite, analcite, and apatite. The lower half is alkaline 
syenite. It consists of quitt^ different minerals such as orthoclase (0), aegirine 
(Ae), aegirine-augite together with biotite (B), apatite (Ap), analcite (An), and 
magnetite. Alkaline syenite always shows a fine grained texture along the 
contact. X 60. 


b. Micro-alkaline syenite (Kando-h6). 

Or=Orthoclae, A=Augite, Ae=Aegirine or aegirine augite, M = Magnetite, 
An=:Artalcite. x 60. 











PLATE XII. 



Explanation of Plate XII. 


a. Glassy basalt (Shokyo-ri). 

Pla^ioclase, Olivine. The je:round-mass is made up of pla^fioclase, oli- 
vine, ma^^netite, au^ite, and abundant brown-colored glass. Black dots and 
plates are magnetite. Granular crystals with the high relief are augite and 
olivine. The grey-colored filling stuff is glass, x 60. 


b. A transition between olivine trachybasalt and a basanitic phase (Diamond drill 
core from Dait6-d6). 

P= Plagioclase, A=-Titaniferous augite, O-Olivine. The ground-mass is built 
up of minute dots of magnetite (black), liiotite flakes, augite grains, and pla¬ 
gioclase laths. X 60. 



T. TCHIMURA: 


Alkaline Roclcs, 


PI XTP 




rntiled by The Taihoku Insatfluz^u, 




PLATE XIII. 



Explanation of Plate XIII. 


A small patch of the basanitic phase. (Diamond drill core from Dait6.d6). 

P —Plagioclase, Au^fite. O^Oliviue. The upper half is a basanitic phase 
which is composed of minute a^^rcKates of mai^netite (black), biotite (dark 
grey), augite (^?rains with hi^:h relief), olivine, analcite, and plap:ioclasc. 

X 60 


A transition between trachydolerite and acidic phase (Diamond drill core from 
Dait6-d{i). This acidic phase is found as a small irre^ 2 :ular patch within 
trachydolerite. 

Prrr Pla^ioclase, A-^Augite, 11 —Biotite, M-r. Magnetite, Ap^ Apatite. Acgirine 
or aegirine augite is abundantly found in such an acidic phase, whereas biotite 
is usually very scarce, x 60. 



T. ICmMITKA: Allnlino- Roclin. 
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INTRODUCTION. 

Although tho investigation of the titaniferous magnetite ores of 
Chftsen is interesting both geologically and economically, it has been 
rather neglected by our geologists. The only published works are some 
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papers which were written by S. Kawasaki and M. Hoshena'^ many 
years ago and, recently, the results of heating experiments on the ores 
by M. ICamiyama.®^ These experiments gave very interesting results, 
especially on the origin of Widmannstatten’s structure which is very 
commonly observed in the titan iferous magnetite ores. According to the 
previous workers the mode ef occurrence of the ores is variable. Some 
of them are associated with such characteristic rocks as anorthosite and 
amphibolite, to which their origin is referred. 

As to the titaniferous magnetite deposits of Sh6-eni)e-t6 
however, only little was known up to the present, the only published 
report being a brief description done by E. Tamuua^^ in 1913. It was 
reported by him that this island was mostly made up of older paleozoic 
rocks and the titaniferous magnetite deposits which are conformably 
overlain by a quartzite bod. The character and origin of the ore depo¬ 
sits were not discussed. 

A few years ago the writer obtained some specimens of these ores 
and studied many polished section. The mineral associations showed 
that ores were undoubtedly of an magmatic origin. Last summer, 
accompanied by B. ItC), a teacher of the Higher Common School of 
Kaishft, I had an opportunity to visit this island and brought back 
many specimens of the rocks and ores, which I recently studied in the 
Geological Institute of Taihoku Imperial University. 

The writer’s field work was aided by the Police Department of 
K6kai-d6, and the chemical analyses of the iron ores were kindly made 
by the Mitsubishi Iron and Steel Works of Kenjiho. Thanks are also 
due to Mr. S. G. Clark of the University of California for much 
assistance in the writer’s work. 

1) Mineral Resources of Chteen (Korea), Vol. VI, No. 2, Vol. VII, No. !• (In Ja¬ 
panese). 

2) M. Kamxvama The Report of a Heating Experiment of Titaniferous Magnetite from 
Koret'j, Jour. Geol. Soci., Tdkye, Vol. XXXVI, 1928, pp. 12-29 (In Japanese). 

3) Mlnei^ Resources of ChOoen (Korea), Vol. HI, No. I, pp. 65-86. (In Japanese), 
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LOCATION OF AREA. 

Sh6-enpe-t6 is a very small island (Figs. 1 and 2) which is 1.26 sq. 
km. in area and is located about 24 miles south of Ryftt6ho 



Fig. 1. Topographical map of Sho-enp4-to, including a part of Dai-enpd-t5 

a small harbour 4 km. south-east of Kaishh It is approximately 

enclosed by the parallels 37° 35' and 37° 37' N, and the meridians 
125° 42' and 125° 45' E. It 4s surrounded by a shallow and rough sea, 
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and is extremely cliflfed in many places. The highest point is found 
near the northern end, attaining 214.2 m. A small fishing village called 
San'enhy6 having a population of about two hundred, is loca¬ 

ted on its western side. This is the only village and harbour. Communi¬ 
cation with the mainland is almost lacking except during the fishing 
season, which is spring. 


GEOLOGY. 


The island is almost entirely made up of metamorphic rocks which 
are frequently intruded by dikes and covered by Quaternaiy sediments 



Fig. 2. ShO-enp^-td looking from the north. t)ie outcrops of titaniferous 
iron-ores near the summit are distinctly shown by the topographic 
difference. In the right side there is a small fishing village called 
San’enhyA. 

(Figs. 3 and 4). Some of the metamorphic rocks are also foimd in the 
southern half of Dal-enp6-t6 an island about one mile north 

(Fig. 3), and there they are intruded by biotite-hornblende granite. 
The granite observed there extends to the northern islands and its 
intrusion was, of course, an important factor in metamorphism of the 
tocks of Sh6-enp6-td. 
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(1) The metamorphic rocks : -They are biotito schist, biotite- 
horublende schist, hornblende schist, muscovite schist, quaitz schist and 
marble. The most predominant of thorn is a hornblende schist which 



Fig. 3. Geological map of a part of K<Mcai-(i6, including ShA-enp€-tA. 

Qontains many lenses of marble, both large or small, and is associated 
with the titaniferous magnetite deposits. It is exposed widely in the 
eastern half of the island, extending from north-west to south-east and 
generally dipping steeply to the north-east, but locally dipping SW 
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(Fig. 4). This rock has a (lark green color and a banded structure 
usually due to the presence of abimdant patches of plagioclase. It is 
composed of hornblende, andesine, rutile, magnetite, ilmenite, brookite, 
garnet, apatite, zircon, sericite, and limonite. Hornblende and plagioclase 
are always abundantly present. 



Fig. 4. Geological raap of ShC-enp^-tO. 


The distribution of biotite schist is restricted to the eastern and the 
western coasts. It is closely assc»clated with hornblende schist and a 
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gradual transition between them is seen. Biotite-hornblendo schist is 
well exposed along the KW coast near Sfin^enhy6 as a transitional 
phase. The mineralogical composition of the biotite schist is com¬ 
monly biotite, andesine, quartz, muscovite, zircon, pyrite, sillimanite, and 
tourmaline. Along the coast near San^enhy6 garnet is an additional 
constituent. The garnets liave a maximum diameter 6 mm. The biotite 
schist is at a lower stratigraphic horizon than the hornblende schist. 
The upper part of the series appears to have originally been calcareous, 
which is indicated by intercalated limestone lenses, hence the hornblende 
schist was probably fonncd from calcareous sediments. 

The symmetrical exposure of the beds of biotite is due to a synclinal 
structure which can bo observed along the northern coast. Both the 
muscovite schist and quartz schist are unimportant local intercalations 
in the biotite schist. 

The marble lenses are more common along the eastern coast than 
in the other parts of the island. They have a grey color and usually 
consist of abundant diopside and quartz, a small quantity of biotite, 
green hornblende, rutile, chlorite, zoisite, and clinozoisito in association 
with calcite. Sometimes the limestone grades into confused aggregates of 
wollastonite, in which are many crystals of hedenbergite and diopside. 
Garnet and plagioclase are ra^:ely observed. 

Almost all of these rocks are beautifully stratified, showing a strike 
of N30®W and a dij) of 10'’-75® NE or SW, except where some local 
disturbances occur on the eastern side of the island. 

The geological age of these rocks is uncertain at present, as they 
were not traced northward to determine their position in the Paleozoic 
section on the mainland. However, it is considered that the many small 
islands in Kaishd Bay were originally connected with the Paleozoic area 
of the mainland where the Ch6sen system (Cambro-Ordovician) is widely 
distributed in association with huge intrusive masses of granite. One of 
the characteristic features is the occurrence of many metamorphic rocks 
due to the granitic intrusion, as can readily be seen along the boundaries 
of the Ch6sen system near RyAtbho and Suiya-ri of the Kaishd 
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district. Therefore, it is not unreasonable to say, as has been reported 
by E. Tamura, that there are many points of similarity between these 
rocks and those of Sh6-enpe-t6. 

(2 ) Quatarnary sediments : —The metamorphic rocks are partly 
covered by recent gravel beds which contain many shells of Oairea* 
They are well exposed on the eastern slope of the highest peak and on 
the hill behind 8an’enhy6 (Fig. 4). The pebbles are chiefly composed 
of metamorphic rocks and titaniferous magnetite ore. The beds are 
always found on a flat surface, which is an old marine terrace, and is 
usually fifty to seventy meters above sea level. This fact shows that 
there has undoubtedly been an upheaval in recent geological times. 
Similar evidence can be seen along the coast near Ry(it6ho or elsewhere 
on the mainland. 

( 3) Iittrusives : —Plutonic intrusions are not found on this island, 
but there are many small intriisives which were injected into the meta¬ 
morphic rocks. They occur as sills and are composed of pegmatite, 
aplite^ kersjintito, and vogesite. 

( a ) Peflfmatite and aplite : —The mode of occurrence of pegmatite 
and aplite is uncertain, since they were found only as angular blocks 
lying on the ''uorthern and the western slopes of the peak. They 
generally have a light grey color or are white, but are frequently stained 
by iron-oxide. The pegmatite is very coarse, while the aplite is fine 
grained. The mineral constituents of the pegmatite are orthoclase, ande- 
sine, albite, apatite, titanite, zoisite, clinozoisite, and sericite. In this case 
orthoclase and albite are the most prominent minerals, while quartz is 
absent. Orthoclase commonly contains many small patches of andesine, 
giving a perthitic intergrowth. Albite, as well as sericite, clinozoisite, 
and zoisite are secondaiy minerals derived from orthoclase and andesine. 
The mineral composition of the aplite found here is, on the other hand, 
only different from that of the pegmatite in that green hornblende and 
abundant quartz are present and orthoclase is absent. 
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(b) Kersantite and vogesite :~Small sills of lamprophyres, in¬ 
truded between beds of biotite schist or hornblende schist, were observed 
in many places. A characteristic kersantite sill is exposed at two places 
along the beach near Stin’enhy6, whem it occurs between biotite schist 
beds. At one of the places it is 0.32 m. while at the other it is 3 m. 
The sills of vogesite are very common between the hornblende schist 
beds exposed along the cliff of the eastern coast. They aro usually from 
2 to 4 m. in width. 

The kersantite is a comjmct dark green rock composed of horn¬ 
blende, labradorite, rutile, magnetite, biotite, apatite, pyrite, and soricite. 
The essential constituents are hornblende and labmdorite. The horn¬ 
blende is prismatic and occurs in more or less confused aggregates, 
including ilmenite, apatite, and rutile. It has a green color and is 
0.85 mm. x 0.034 mm. in maximum size. The labradorite is lath-shaped 
with twinning after the albite or carlsbad law. When it shows a zonal 
structure, the inner part is generally more basic than the border. In 
association with it are many apiitite crystals, which are long prismatic 
or needle-shaped. Rutile and magnetite are common accessory compo¬ 
nents, but biotite and sericite aro negligible. 

The vogesite is macroscopically similar in appearance to the kersan¬ 
tite. Its primary componento are hornblende, andesine or labradorite, 
apatite, and magnetite. The hornblende, however, is somewhat different 
in appearance from that of the kersantite, having a slender prismatic 
habit, with the following dimensions, 1.2 mm. in maximum length and 
0.25 mm. x 0.17 mm. in maximum size of the basal section. Its extinc¬ 
tion angle is small, viz., Z/\c=18° and twinning parallel to 100 is 
very common. The prisms are always turbid near the ends and show a 
characteristic pleochroism, viz., X=:light yellow, Y=dark greenish brown, 
Z=dark greenish brown, and Z=Y^X. 

A remarkable feature of this rock is that it subjected to a severe 
albitization. The quartz, calcite, and chlorite, which are associated with 
the secondary albite, are undoubtedly due to alteration during the albiti¬ 
zation. 
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TITANIFEROUS MAGNETITE DEPOSITS. 

• 

As already mentioned, the titaniferous magnetite deposits are asso¬ 
ciated with the hornblende schist. There are two bodies in the ridge 
which forms the backbone of the island, one of them being exposed at 
the upper half of the peak behind San^enhyft, while the other occurs at 

the south side of the pass. Because of its resistance to weatherng, the 

first of these bodies gives a pronounced topographic eflfect (Fig- 2). 
At the western contact this ore-body has a strike of N 30® W and dips 
very steeply to the north-east. However, farther to the south, the angle 
of inclination gradually decreases and it finally thins duo to erosi6n. 
It ends abruptly at the old sea cliff on the northern slope of the hill, 
where the top of the ore is at an elevation of 214.2 m. Tlie body has 

an extent of about 300 m. along its strike and is about 200 m. wide, 

while it is only 60 or 60 m. in vertical extent. 

The second ore body is much smaller. It dips 40® to the northeast 
and is underlain by hornblende schist. 

Since they always occupy the upper part of the ridge, many blocks, 
large and small, have been broken off and are now widely scattered on 
the slope. This is particularly noticeable on the south-western slope. 
Some pebbles of these ores are also found on the beach and in the old 
gravel bods deposited on the marine terrace. In places where the ore 
bodies overlie the hornblende schist a sharp contact between the two is 
seen. The symmetrical arrangement of the schist indicating a synclinal 
structure, suggests that the ore bodies are remnants along the synclinal 
axis, and that the overlying beds were eroded away. 


ORES. 

Many specimens were collected from various parts of outcrops. These 
ores were carefully studied by making thin sections and polished sections : 
some of them were chemically analysed at the Mitsubishi Iron and 
Steel Woiks. 
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They are very heavy ores with a black or steel grey color, usually 
somewhat mottled by the presence of green or red colored gangues which 
are irregularly arranged and fill up the interstices of grains of magnetite. 
There is a variation of grain, from fine to coarse; the coarser variety 
being commonly present in the higher grade ore. 

(1) Mineral composition of the ores: --The ore is composed of 
magnetite, ilmenite, spinel,^ chlorite, and secondary minerals such as 
diaspore, goothite, liinonite, and hematite. The relationship between 
magnetite and ilmenite was studied in i)olished sections etched with 
hydrochloric acid. In this etching the coarsely crystalline oi*o is more 
quickly acted upon by the acid than the fine-grained aggregates. 

The etched magnetite shows a dull black color, whereas ilmenite 
remains bright. Magnetite grains are sometimes 1 cm. or more in 
diameter, while the ilmenite is found in them forming dots-like grains 
and in a reticulate structure Widmannstatten^s structure These 
two forms are generally associated and there is frequently some connec¬ 
tion between them. When ilmenite appears in dots, it has a polygonal 
form (PI. II, a), with a maximum diameter of 3 mm. Generally it is 
irregularly scattered, but it is sometimes connected like a chain; occurring 
in three directions along the cleavage of magnetite. The chains sometimes 
coalesce to give a platy form with maximum dimensions of 0.034 mm.-- 
0.06 mm. in thickness and 2.4 mm. in maximum length. Particularly 
interesting is the very frequent occurrence of minute reticulate structure 
separated by dots or large plates (PI. II, b; III, a), although this i)at- 
tern is not distinct in some specimens. Sometimes it is so plain that 
it can be seen even by the imaided eye. Minute plates always form a 
broken line, each plate of which is from 0.086 mm. to 0.3 mm. in length. 
Sometimes the plates occur in only one or two directions (PI. HI, b) 
but generally in a beautiful lattice intersecting at an angle of sixty 
degrees (PI. IV, a). Very rarely four (PI. IV, b) or five directions 
are seen, as described by SmGEWAiJ>^^ in the Adirondack ores. Brode- 

1) J. T. SiNGEWALD, Jr.:—^Titaniferoufl Iron Ores in the United Staten, U. S. Bur. of Mines 
BuU., 64, 1913. 
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R£CK*^ however, has sohwn that there should by only four directions of 
lamellae as maximum. Osborne^s conclusion®^ is that some of those 
lamellae are likely to be spinel which may easily be confused with the 
ilmenite, or it is possible that an mixing of ilmenito may take place 
parallel to the cube, as well as to the octahedron. Warren^^ noted that 
many of dots and rods called ilmenite by Singewau) are really spinel. 
In the specimens of Sh6-enpe-t6, however, the irregular outline of the 
spinel alwa)^ distinguishes it from ilmenite. 

As to the origin of the reticulate patterns there are many different 
theories. After the investigation of titaniferous magnetite from Brazil^ 
Hussak^^ concluded that the intergrowth is due to the solidification of an 
eutectic. Warren*^ and Sigewald®^ expressed practically the same idea. 
CtenoRNE, on the other hand, has considered that magnetite was likely 
completely crystallized before ilmenite, since if it were eutectic it should 
have been entirely liquid until the last stage. According to Kamdohr^^ 
there is a considerable mutual solubility of magnetite and ilmenite at 
the temperature of separation of the ores, and there is an unmixing of 
ilmenite from the magnetite on cooling. He found that he could make 
the magnetite with intergrown ilmenite homogenous by heating. Hence 
he believes that unmixing took place at a temperature of from 700'’ to 
800® C. Kamivama^ recently studied by heating experiments the origin 
of this structure in many ores from Korea. As a result of this work 


1) T. M. Bbodkkigk: —^Titaniferous Iron Ores of MinnesutU) Ecu. Geol., Vol. 12, 3917, p. 
686 . 

2) F. F Osborne Certain Magnetic Titaniferous Iron Ores and Their Origin, Kco. Geol., 
Vol. 23, 1928, pp. 907-908. 

3j C. H. Warren :—The Microstructure of Certain Titanic Iron Ores, Pkso. Geol., Vol. 13, 
1918, p. 430. 

4) E. lIusSAKUebei- die Mikrostruktur einiger brasilianischcr Titanmagneteisensteine, 
Neues Jahrb. f. Min., 1904, I, S. 94, 

5) Op. oit* p. 440. 

6) Op. cit p. 34. 

7) P. Ramdohr Beobachtungen an Magnetit, Umenit, Kisenglanz und Ueberlagerungen 
ilber das Sytem FeO, Fe^, TiOf. Festschrift sur 150-Jahrfeier der Bergakademie Claus- 
tal, 1926, S. 371. 

8) M. Kami YAM A The Report of a Heating Experiment of Titaniferous Magnetite from 

Korea. Jour. Geol. Soc, Tokyo, Vol. XXXVI, 1828, .pp. 28-29 (In Japanese}. 
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he suggested that the origin of the reticulate structure was due to the 
slow cooling which led to an exsolution of ilmenite. He believes that 
both minerals are in a solid solution and its eutectic temperature is about 
1150^0, when the proportion is The result of his la- 

bomtory work is somewhat different from that of Ramdohk, esjiecially 
on the temperature of the unmixing of both minerals. There is some 
probability that this temperature may be much influenced by pmssure or 
other factors under natural conditions. 

The characteristics of spinel (hercynite) can be more fully studied 
in the thin section than on a polished surface. It has a green color, is 
isotropic under crossed nicols, and often shows a cleavage parallel to 111. 
Generally it is disseminated in the titimiferous magnetite and is often 
enclosed by chlorite or diaspore. Sometimes subhedral Or anhodral 
crystals of magnetite occur as inclusions. When it is subjected to the 
weathering it gradually changes into diaspore, limonite, goethite, and 
hematite along cleavage or other cracks. The largest crystal is 0.6 mm. 
in diameter. 

Chlorite is a characteristic of this ore and always occurs in scaly 
aggregates of minute flakes. It shows a green color which often changes 
into reddish brown or yellowish brown upon decom}X)sition. The size 
of the flakes range from 0.086 to 1 mm. in diameter. Its pleochroism is 
usually very weak, viz., X=Y=spale green, Z=palo yellow or colorless, 
XssY^Z. Strain shadows and i)oly8ynthetic twinning on 001 are very 
commonly observed. The index of refraction is Nm=: 1.6875 and mineml 
character is positive. The optic angle is very small. It is probably 
clinochlore. 

Diaspore is a secondary mineral which, together with limonite and 
goethite, was derived from hercynite. It is a colorless flaky mineral 
with high birefringence and positive biaxial character. In addition, 
perfect cleavage parallel to 010 and the straight extinction are chara¬ 
cteristic. Goethite and limonite are abundant in the much/ weathered 
ores, They were both decomposition products of hercynite and chlorite. 
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According to the above microscopic observations it seems that magnetite 
and ilmeuite were crystallized at almost ths same time in company with 
spinel. Ilmenite and spinel seems to have generally sej>arated from the 
magnetite, partly along its cleavages and partly as dots in it, under a 
certain condition favorable to their gradual consolidation and immisci- 
bility. Furthermore, there can be seen a tendency of some of the spinel 
to have been crystallized parallel to the face of cube as pointed out by 
Ramdohr. In all cases chlorite was formed during the last stage of 
crystallization. 

(2) Chemical composition of ores:— Since the investigation of 
the titaniferous magnetite was neglected for so long, only little concerning 
the chemical composition is known at present. In the chemical analyses 
published by E. Tamura many years ago the content of TiOg was so 
low that it did not appear in the general composition. 

The writer has collected many specimens from the various outcrops 
and some of them were recently analysed by the Mitsubish Iron and 
Steel Works, with following results: 
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As can be seen in these results, the content of TiOa ranges from 
19.72^ to 22.80^ and the average is 20.66^. The content of Fe is 
from 49»80^ to 63.60^ its average being 52«04^, 
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ORIGIN OF TITANIFEROUS MAGNETITE. 

Since the various deposits of titaniferous magnetite of Korea have 
not been sufficiently investigated up to the present, it is very difficult 
to summerize or to discuss in detail their motle of occixrrenco or origin. 
As showed by Kamiyama'^ some of them are irregular masses enclosed 
by gneissic rocks, while others are sills injected in schists. At Koma- 
san (iSfglib) ami Kouan-san it is said that anorthosite is 

associated with them. The deposits of Kansen-ri believed 

to be veins cutting gneiss. The veins have a hornblende and fluorspar 
gangue. 

The titanifeous magnetite of Sh6-enpc-t6 is found in the area of 
hornblende schist. In this point it has some similarity to those of 
Polun-t6 Konan-san studied by KAWAiSAKi'^^ and Kamtyama^^ 

although the occurrence of anorthosite and other basic mck is entirely 
unknown in Sh6-enp6-tft, where the ore bodies are a sill and are sharply 
separated from hornblende schists. 

The separation of iron ores from the original magma has already 
been discussed by many geologists. Vogt*^^ concludes that the ore mines- 
als crystallized out as an aggregate in the still fluid magma, locally 
forming a modification. The same idea is gained from Harker’s sugges¬ 
tion."^ Lindgren^^ suggested that the ilmenite probably crystallizes first 
and settles to the bottom. RastalIj,"^ however, believes that the metallic 
ores derived from basic magmas tend to separate first and to sink to 
the bottom, whereas those from acid magmas tend to separate last and 

1) Op. cit, p. 13. (In Japanese). 

2) Mineral Resources of Ghdsen (Korea), Vol. VII, No. 1, p. 64. (In Japanese). 

3) Mineral Resources of ChCsen (Korea), Yol. VI, No. 2, p. 72. (In Japanese). 

4) Op. cit, pp. 13-14. (In Japanese). 

6) J. H. L. VoQTi—Bildung von Erzlargerstatten durch DilTerentiationproxesse in basische 
Eruptivmagma, Zeit. f. Prakt. Geol., 1, S. 4-11, 126-143, 267-284, 1893. 

6) A. Habkeb Carrock Fell. A Study in Variation of Igneous Rock Masses. Quart 
Jour., GeoL Soc, p. 311-326, 1894. 

7) W. IiNDOBEK: —Mineral Deposits, Ist Ed., 1913, p. 740. 

8) R. H. RASTALii:—^Physico-Chemical Geology, p. 199, 1927, 
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rifle to the top. It ifl, of course, plausible, as concluded by Kemp'^ that 
the separation of iron ores from the original magma takes place while 
they are both liquid, on account of an immiscibility due to cooling. 
The deposits of Sh^-enpe-t6 were probably formed by the injection of 
iron ore magma separated because of immiscibility and they are not due 
to diflferantiation in situ* This genesis is similar to that given by 
Kamivama^^ for the titaniferous magnetite of Konan-san and Polun-tft. 
Practically the same theory is supported by Lindgren 3> and Osboene^^ 
for other deposits. 

The fact that reticulate structure is very common in the ores colloc- 
ted from this island indicates the slow cooling of the injected ore 
magma. The numerous dikes near the deposits suggest that both were 
difterontiates of the same magma. These dikes am probably the differen¬ 
tiation products from the granitic mass exposed in Dai-en|)c-t6. The 
injection of the magma appears to have occurred after the enormous 
folding which was followed by great igneous intrusions. 

In 1927 the writer published evidences that there were two periods 
of diasitrophism in Korea and that largo intrusions and extrusions of 
various igneous rocks accompanied these disturbances'^^ The formation 
of many deposits of metallic and non-metallic minerals was imdoubtedly 
associated with those igneous activities. It is still uncertain when the 
injection of titaniferous magnetite occiured, but the determination of the 
geological age of granite making up Mt. Shuy6-san, near Kaishft, 

will solve this important problem. If it is of the same age as the 
younger granites intruding the Daid6 (;;^lc|p||) formation (Cretaceous), the 
period of formation of titan iferaus magnetite here may correspond to 

1) J. E. Kemp: —Titaniferous Iron Ore of the Adirondacks. U. S. Qeol. Surv., 19th Ann. 
Kept, 1897-1898, Pt III, p. 384. 

2) Op. oil, p. 18-19, 25-26, 28-29. 

3) W. Ljnwren Mineral Deposits, 2nd Ed., 1919, p. 786, 3rd Ed., 1928, p. 863. 

4) F. F. Osborne; —Certain Magmatic Titaniferous Iron Orcn and Their Origin, Eco. 
Geol., Vol. 23, 1928, p. 921. 

5) T. loHiMUBA The Deposits of Iron Ores in Korea. Jour. Chdsen Min. Assoc. Vol. 
10, 1928, p. 44. (In Japanese). The writer now believes that those digttirbances took 
place soon after the depositon of the Heian system (Garbon8feroui*TjdaMic) and iq 
the later Jurassig. 



Notes on (he TUani/erms Magnetite Deposits of 8h6-enpi-t6t Chosen ( Korea)^ 265 


that of the deposition of hematite, siderite, pyrite, barite, fluorite, zinc- 
blende, and so on, found in the e^ctensive area of the Ch6sen system 
and the Daid5 formation of K6kai-d6 ( 


SUMMARY. 

(1 ) Sh5-enp^-t5 is chiefly made up of a metamorphio series pro¬ 
bably derived from Cambro-Ordovician sediments. In addition are the 
sediments of the old marine terrace and dike-rocks such as pegmatites, 
aplites, and lamprophyres. 

( 2) The deposits of titaniferous magnetite are found in the area 
of hornblende schist which was originally an impure limestone. Some 
dikerocks are exposed around the deposits; lamprophyres being the most 
predominant and important. 

( 3) The deposits are always found in a concordant relation to the 
hornblende schist. Thus its mode of occurrence quite resembles that of 
Polun-t6 and Konan-san. In this case the ore magma was probably 
injected along the beds of metamorphics. 

( 4 ) The iron ores here are composed of magnetite, ilmenite, hercy- 
nite, and chlorite in association with secondary minerals such as diaspore, 
limonite, goethite, etc. The very frequent occurrence of a reticulate 
structure in magnetite seems to prove that the ore magma was partly 
consolidated by slow cooling, as has been shown by Kamiyama^ experi¬ 
ment. The writer concludes that the ilmenite crystallized at nearly the 
same time as the magnetite. 

( 5 ) Hornblende schist and other metamoiphic rocks are the pro¬ 
ducts of metamorphism brought about by the extensive intrusion of the 
granite exposed in Dai-enp6-td and in the islands farther north. These 
metamorphio rocks had already been subjected to much diastrophism before 
the injection of the ore magma, which followed the intrusion of granite. 

(6) From the investigation of many deposits at other places in 
Kbkai-d5, it is i»robable that the metallization of the deposits here was pro¬ 
bably connected with the large igneous activity of the later Cretaceous. 



Explanation of Plate I. 


a. Hornblende schist. 

H = Hornblende, P»Plagioclase, M = Magnetite, B = Brookite. x 60 


b. Vogesite from the eastern part of the island. 

The dark grey-colored mineral is hornblende and other parts are composed of 
labradorite, rutile, magnetite, biotite, apatite, pyrite, and sericite. x 60 







PLATE 11. 



Explanation of Plate II. 


a. Ilmenite which has a poly^fonal or platy form, x 150 


b. A reticulate pattern of ilmenite separated by dots of the same mineral Con¬ 
nected like chains, x 150 
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Pvintid by TUc rRih«'k'i '{hus'iit InBal8ii7}'o. 



PLATE III. 



Explanation of Plate III. 


a. 


Ilmenite showing a reticulate structure and irregular dots, 
l^llmenite, M «= Magnetite, S = Spinel, x 150 


b. A Lattice of ilmenite (the lines intersecting at right angles). 
I —llmenite, Magnetite, Spinel, x 150 



T. T(!mMnnA: 'rilani/tr^w Miif/nrtite. 
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rr\nt»d by Tb** Intht'kvi ’^basliiii ifi^ata^uyo. 



PLATE IV. 



Explanation of Plate IV. 


a. A iDeautiful lattice of ilmenite (the lines intersecting at 60^). 
I~llmenite, M = Magnetite, Spinel, x 150 


b. A latttice of ilmenite with the lines in four directions, x 150 
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INTRODUCTORY. 

Scientific papers concerning the mineral adularia are many. We can 
trace them back as early as the year 1830, when liuEmiAUPT described 
it under the name of valencianite because it had been found in the 
Valencia mines in Mexico. Among the early mcords of the occurrence 
of this mineral those of the United States and New Zealand should bo 
mentioned. Although the occurrence of this mineral is now known in 
various parts of the world, and although the mineral has been studied 
mineralogically and physico-chemically by many scientists, such investi¬ 
gations were not done in our country before Prof. S. Kozu published, 
in 1929, his laborious work on the same mineral occurring in the Taka- 
tama mines, Hukusima Prefecture in North Japan.’^ Takatama is not 

1) S. Kozu, S. Fukami and K. Kixosiiita, The Journal of the Japanese Association of 
Mineralogists, Petrologists and Economic Geologists, 1929, vol. 2, p. 51. K. Seto, the 
same Journal, 1929, vol, 1. p. 278. 
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the only locality for the occurrence of adularia, there being several other 
places where it is known to have been found. 

In this note I intend to rei3ort the occurence of adularia in the 
island of Taiwan. During the summer of 1929, Mr. H. Saito, professor 
of geology in the Government High School of Taiwan, Taihoku, collected 
a number of rock specimens in the eastern ])art of the island which is 
famous for its very precipitous cliffs hanging along the shore. In some 
of them well crystallized feldspathic minerals are found on the siu-ftice. 
The crystals being incrusted and impregnated by chlorite, the real 
rainoralogical nature couhl not bo decided. On examining some of the 
gooil specimens optically, physically, and chemically, the writer has been 
able to determine the mineral to be adularia. 

In the next summer (1930), I had the opportunity of visiting the 
locality of this mineral, by the kindness of Prof. I. Hayasaka, who 
took the trouble of accompanying mo, and secured a number of speci¬ 
mens, some of which are much better, as well as larger, examples, well 
crystallized and free from chlorite dirt. 


OCCURRENCE. 

The place whore the crystals of this mineral were collected is near 
the small hamlet of GAkutu, about 25 km north of Karenk6. Here the 
road along the side of the high and steep cliff passes along cuttings as 
well as through tunnels, in a motamorphic series of rocks. In the south 
of GAkutu the rock formation is predominantly a grayish white chlorite 
schist (partly gneissic in appearance). A number of quartz veins run 
across the wall of the cliff as seen along the road: they are 10-30cm in 
width, and are mostly oi)en ones, with on both walls, druses of small 
prismatic crystals appearing greenish in colour. The crystals under 
consideration are mostly of quartz and adularia, both being spoiled 
superficially and internally with minute platy chlorite grains. The cry¬ 
stals of quartz and adularia are roughly estimated to be in the ratio 
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of about 40:60. It is rather difficult in the druses to obtain white, 
translucent crystals of purer adularia, although several good specimens 
were found which had fallen from the wall at the foot of the cliff. 

The mineral is characterized by the rhombohodral form of its cry¬ 
stals, which are about 0.7--1.5cm in length and 0.3-1.0cm in width. 


FORM OF THE CRYSTALS. 



Yifr. 1 

A Crystal of 
Adularia. 


The crystal form is rather simple: m(llO) and 
x(lOl). 

c(OOl) is scarcely developed, but it is reprewmted by the 
plane of perfect basal cleavage in some of thc^ cvysttils. 
x/\m' =69° 15' 
m/\m''''=61° 08' 

These angles have boon measured with Fuess 
reflection goniometer, taking the mean value of twenty 
each. In is worthy of note that the face m (110) is 
almost always twisted a varialo degree. 


PHYSICAL AND CHEMICAL CHARACTERS. 

Under the microscope it is observed that even the crystals that are 
apparently single am divided into several portions that are extinguished 
at different positions. 

The occurrence of the chlorite enclosure also is well shown under 
the microscope (PI. I, Fig. 3). 

Indices of refraction essimated by the immersion method are as 
follows: 

«'=1.618 /= 1,524 /-a'=0.006 

The oils used for these determinations were carefully preserved in 
brown bottles in a dark box, and influences of temperature, etc. were 
corrected each time with an Abbe refractoraeter. 
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The chlorite in the adularia is distinctly crystallized in hexagonal 
prisms, but most of them are elongate<l and curved along the vertical 
crystallographic axis, consequently always cleaving along the basal clea¬ 
vage, 

Pleo(‘.hroism strong: X = grec^ji, Z = light yellow. 


Cliemical 

analyses have betm 

carried 

out by the writer of both 

relatively pure 

and chlorite-impregnated specimens. The results an^ as 

follows: 

No. 1 


No. 2 


(relatively pure 

part) 

((dilorite-impi-egnated part) 

SiO^ 

65.25 


57.87 

Al.Oa 

17.G‘d 


18.97 

Fe.Oa 

0.07 


2.94 

FeO 

o.o:i 


2.1 

MgO 

0.1 


2.34 

C'aO 

0.1 a 


0.60 

May 

0.86 


0.82 

KyO 

15.60 


11.78 

IlyO- 

o.:i:i 


0.64 

n-,o+ 

0.52 


2.63 

Total 

100.62 


100.72 


From analysis No. 1 the ])ercentage of orthoclase molecule (Or), albite 
molecule (Ab), and anorthite molecule (An) are calculated as follows: 


j Or 91.14 

i Ah 7.60 

I An 1.26 

In conclnsion, I wish to offer my hearty thanks to Prof. Hayasaka 
for his mnch appreciated advice and help in this work. 




PLATE I. 



Explanation of Plate I. 


1. Aggre^rates of adularia on its country-rock (chlorite-schist). 

Fig. 2. An aggregate of adularia. 

Fig. 3. Adularia (showing the chlorite ink): section perpendicular to the vertical 
crystallographic axis. Parallel nicol. x 69. 
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